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The object of the present work is to present to the learner 
the leading principles and facts of geological science in as 
brief a compass as is compatible with clearness and accuracy. 
No science stands less alone, or is less independent of the 
other sciences, than Geology. Its foundation, as a science, is 
upon Physical Geography, and this subject has, therefore, been 
treated in the earlier portion of this work as fully as space 
would allow. No adequate knowledge, again, of the facts 
and genei:alizations of Palaeontology can be acquired without 
some previous acquaintance with Zoology and Botany, the 
former more especially. A brief outline of the classification 
of the animal kingdom has, therefore, been here introduced ; 
but the progress of the learner would be much facilitated by a 
more extensive study of Natural History than can possibly be 
presented in a work primarily devoted to Geology. 

Palaeontology, however, is to such an extent an indepen- 

rC^* dent science, and embraces such an extended area, that it can 

5^ only be properly handled in a special treatise; and such a 

, work is now in course of preparation by the author. 

5 As to the plan of the work, it is sufficient to state that it 

is not based primarily upon American geology. Many impor- 

^ tant formations are not represented at all, or only in a very 

5 incomplete form, in America; while the types of the great 

geological formations are at present to be sought for in 
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Europe. The author is far from saying that there is any 
reason in Nature why this should be so ; but the vast Ameri- 
can Continent has as yet been very imperfectly explored; 
and there can be no question but that for many years to come 
European names and European types will hold their ground 
in geological literature* At the same time, the leading 
facts of American geology are in all cases stated, and in 
this connection the author feels bound to acknowledge the 
obligations which he is under to the works of Profs. Hall and 
Dana. 

Most of the illustrations of the work have been supplied 
by the publishers from Sir Charles LyelPs classical treatise, 
the "Elements of Greology." The remainder have been 
drawn upon the wood by the author, and their source, where 
not original, is acknowledged in the text. 

Toronto, Ontabio, August 12, 1871. 
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GEOLOGY, 



PART I. 

PHTSIOAL GEOGRAPHY. 



CHAPTER L 

Gbologt (Gt. ge^ the eartli ; logos^ discourse) is the science 
which is concerned with the investigation of the materials 
which compose the earth, the manner in which these materials 
have been arranged, and the causes and mode of origin of 
these arrangements. The forms, properties, chemical compo- 
sition, and local distribution of the materials which compose 
the crust of the earth, constitute the separate science of Mirv' 
eralogyy which is, indeed, closely related to Greology, but 
which, nevertheless, is not essential to the study of the latter 
science. A limited knowledge, however, of Mineralogy is es- 
sential to a due comprehension of the phenomena of Greology, 
and such details as are thus requisite will be introduced m 
their proper place. Palceontology f Gr. pcUaios^ ancient ; onta, 
beings ; logos^ discourse) is a brancn of Geology which treats 
of the past life of the globe and is concerned with those ani- 
mals and plants which — as will be seen hereafter — hare peo- 
pled the earth at successive periods, and have died out, to be 
replaced by others different in their character and structure. 
Here, therefore. Geology comes closely in contact with the 
sciences of Zoology and Botany, the sciences which treat of 
the various animals and plants which inhabit the earth at the 
present day. Palasontology, in fact, is nothing more or less 
than the Zoology and Botany of the past, and it is only espe- 
cially connected with Geology in so far that by its study the 
observer is enabled to determine the historical succession of 
the materials which compose the globe. For the study of 
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Palaeontology, some knowledge of the fundamental facts of 
Zoology and Botany is requisite, and an outline of some of 
these necessary facts will be subsequently given. Physical 
Geography^ finally, comprises a knowledge of the figure and 
motion of the earth, of the composition, form, and distribution 
of the dry land, and of the forces which tend to modify its 
surface, of the character and distribiition of the rivers and 
lakes which are placed on the land-masses, of the sea and at- 
mosphere, and lastly, of the animal and vegetable life of dif- 
ferent portions of the surface of the earth. Modern Geology 
rests, as a science, upon Physical Geography ; and it is abso- 
lutely necessary that the student should acquire some knowl- 
edge of the fundamental facts of the latter science, as a pre- 
liminary to his commencing the study of the former. It is 
hardly necessary, however, to say that only the leading facts 
of Physical Geography can be touched upon here, in the very 
briefest manner, and only so far as they have a direct bearing 
upon the study of Geology. The points which require to be 
alluded to in this connection are, the form and planetary rela- 
tions of the earth, the distribution of the dry land, and the 
agencies which tend to alter the characters of the earth's 
surface, especially the effects produced by rivers, ice, the at- 
mosphere, and volcanoes. 

Planetary Relations of thb Eabth. — The earth is one 
of the smaller of the planets which compose our system. It 
performs an annual revolution round the sun, in an elliptical 
orbit, at a mean distance of 95,000,000 miles. It also rotates 
in twenty-four hours about its own axis, this axis being in- 
clined a little more than twenty-three degrees to the plane of 
its orbit. The moon is a satellite of the earth, revolving 
round it at a mean distance of 240,000 miles, and causing by 
its attraction certain terrestrial phenomena, of which the most 
important are the tides. 

FiGTJEE AND DIMENSIONS OF THB Eabth. — ^Astronomy 
teaches us that the earth has the form of what is technically 
called an " oblate spheroid." That is to say, it is not a per- 
fect sphere or globe, all the diameters of which are equal ; 
but it is flattened at the poles, like an orange, one diameter 
being longer than the other. The earth revolves about an 
imaginary axis, the two extremities of which constitute the 
poles — the North pole and the South pole. This, the polar 
axis of the earth, is, roughly speaking, 7,900 miles in length ; 
while the equatorial or greatest diameter of the earth is 7,926 
miles in length, exceeding the polar diameter by 26 miles. 
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The earth, therefore, is flattened at the poles, and bulges out 
at the equator. 

That the earth, being such an oblate spheroid, with unequal axes, should 
revolve about its shortest axis is in obedience to well-known mechanical 
laws. Whether the earth has ever revolved about an axis different to its 
present one, or ever will do so, we do not know. As things stand, however, 
the earth^s circumference at the equator is greater by some eighty-three 
miles than its circumference at the poles, and it is, therefore, practically in 
the condition of a sphere revolving on its shortest axis, and having a thick 
belt surrounding it in a plane perpendicular to the axis of rotation. Any 
disturbibg force applied to the earth, with a tendency to alter its present 
axis of rotation, would have to overcome the excess of centrifugal force re- 
siding in the matter of this equatorial belt. This excess of centrifugal 
force is so enormous in amount that we may safely say we know of no force 
capable at the present day of effecting this change. 

It is worthy of notice that the present form of the earth 
— the form, namely, of an oblate spheroid — is precisely the 
form which any body composed of fluid or semi-fluid sub- 
stances would tend to assume, if it were set free in space 
after a preliminary movement of revolution had been impart* 
ed to it. In other words, the centrifugal force developed by 
the rotation would tend to accumulate the component parti- 
cles of such a body along a zone lying at right angles to its 
axis of revolution. Any revolving body, of whatever origi- 
nal form, the particles of which are free to move, would ulti- 
mately assume the form of an oblate spheroid, revolving upon 
its shortest axis, and having its longest diameter at right 
angles to its axis of revolution. The present figiu-e of the 
earth is, therefore, a strong argument in favor of the belief 
that the whole earth was at one time composed of melted ma- 
terials, the particles of which were free to move in any direc- 
tion toward which they might be impelled. 

PBiMinvB Condition of tjie Eaeth. — With regard to 
the original and primitive state of the earth, it is sufficient to 
state that all known facts support the theory that the earth 
has been, and is still, a gradually-cooling body. Upon this 
theory, the materials composing the earth were at one time in 
a state of vapor or gas, in which condition, of course, they 
would occupy enormously more space than they do at present. 
As the loss of temperature went on, the gaseous matters of 
the primitive earth would radiate their heat from the periph- 
ery, and would contract and ultimately become fluid. Fi- 
nally, as the cooling process proceeded further and further, 
solidification would at last commence, either at the surface, or 
at the centre, or at both simultaneously. This is certainly to 
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a great extent a mere theory, but it is supported by two facts : 
One of these is the fact that the present form of the earth is 
exactly that which it would have assumed supposing it to have 
been formerly fluid or semi-fluid, and to have been revolving 
at its present velocity. The second of these is the undoubted 
high temperature of parts, at any rate, of the interior of the 
earth at the present day ; and here we get upon tolerably firm 
ground. 

IiTTEBNAL Tbmpbrattjrb OP THB Earth. — As to the 
present temperature of the interior of the globe, the following 
facts enable us to come to some definite conclusion : 

1. The phenomena exhibited at the present day — to be 
spoken of more particularly hereafter — prove beyond a doubt 
that large portions, at any rate, of the interior of the earth 
are in a state of complete fluidity, the fusion being the result 
of heat. At present the traces of direct volcanic action are 
only partially distributed over the globe ; but we have ample 
and abundant proofs that volcanic action has taken place 
everywhere over the earth's surface at some time or other. 
Further, the universal presence at the surface of rocks which 
can be shown to have been originally melted and fluid, is quite 
sufficient proof that there has always existed — as there still 
exists— in the interior of the earth some powerful and general 
source of heat. 

2. It is well known that the heating effect of the sun's 
rays upon the soil extends to but a very limited depth below 
the surface, and that a point is soon reached at which no per- 
ceptible effect is produced by any external source of heat. 
Nevertheless, it has been shown, as the result of direct experi- 
ment and observation, that there is a gradual and tolerably 
regular increase of heat as we recede from the surface of the 
earth and approach its centre. .The exact ratio of this increase 
of temperature does not appear to be absolutely constant, but 
some increase there always is. In the case of mines, the or- 
dinary rise of temperature, as we descend, is usually stated to 
be 1** Fahrenheit for every fifty or sixty feet of descent, after 
the first hundred. It is probable, however, that this increase 
would be found to be much more rapid than this at great 
depths. The same fact, and pretty nearly the same rate of 
increase, is shown by the phenomena of artesian wells, in 
which the water always comes from great depths, and always 
has a temperature considerably higher than the air. In the 
same way, such natural hot springs as are known to us, are 
either in the neighborhood of volcanoes, or can generally be 
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shown to be situated on lines of ** fault," i. e., on the line of 
great cracks or fissures which penetrate through the crust of 
the earth to a greater or less depth. 

3. Whenever we can study at the surface rocks which can 
be shown by geological evidence to have been formerly buried 
at great depths in the earth, these show unmistakable marks 
of having been subjected to the action of heat. 

The above are the chief direct proofs of the interoal heat of the globe, 
but there is other equally forcible eyidence to be drawn indirectly from the 
mean density or weight of the earth. By numerous experiments it has been 
shown that the entire earth has a mean density or specific gravity of between 
five and six. That is to say, the earth is in the same condition as regards 
its density, as an imaginary globe would be of the same size, and composed 
throughout of a simple homogeneous substance weighing between five and 
six times as much as water. The earth, however, is not homogeneous, com- 
posed of one uniform substance, but heterogeneous, composed of different 
materials having different densities. Taking the average of the rocks which 
compose the crust of the earth, we find their average density to be only 2.6 
to 8.0. The mean density, therefore, of the earth, is at least twice what it 
ought to be if it were made of any known rock, as that rock appears at the 
surface. At first sight, it might be thought that this would prove the pres- 
ence in the interior of the earth of some materials much heavier than ordi- 
nary rocks, such as the metals. And this would be so, if the effect of 
gravity were left out of consideration. The earth is truly twice as heavy as 
it would be if it were entirely composed of any known rock, as that rock 
appears at the surface. Say the earth were composed of granite, which 
weighs about 2.5, and which represents, therefore, the average weight of 
rocks. Granite weighs about two and a half times as much as water at the 
surface of the earth, but by the effects of gravity, as we recede from the 
surface, its density would gradually go on increasing, till at the centre of the 
earth its density would be aboui eight times greater than at the surface, or 
at least twenty times as heavy as water, supposing the ratio of compression 
produced by gravity to be uniformly the same from the surface to the centre 
of the earth. If, therefore, the earth were conceived to be a homogeneous 
globe of granite, it would have a much higher mean density than only five or 
six. It would have a mean density of at least ten or twelve. 

Seeing, then, that as a matter of fact the mean density of the earth is no 
more than about five (accurately S^GYS), we have to look for some force 
which could counteract this compressing effiect of gravity, and could prevent 
this regular increase of density in passing from the surface to the centre. 
We know of no other force capable of effecting this except the expansive 
power of heat, so that what is learned in this way fully corroborates what 
we are taught by direct observation. 

Question as to the Fluiditv op the Interior of the 
Earth. — ^The general belief as to the condition of the globe 
at present is that it consists of a cool,* non-conducting cribst or 
external envelope surrounding a highly-heated interior, and 
now the question arises. In what condition is that interior ? 

]J we take 1** Fahrenheit for every 90 feet of descent as 
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the average increase of temperature, as we recede from the 
surface of the earth and approach its centre, then, at a depth 
of 90 miles below the surface, we should everywhere come 
down to a region in which the temperatiu*e would be about 
5,000° Fahr. Now, all known rocks melt at about 2,000°, 
and platinum, one of the most refractory of metals, fuses at a 
little over 3,000°. At a depth, therefore, of about fifty miles 
below the surface, we should have all the materials which 
compose the crust of the earth in a state of fusion. At a still 
greater depth, supposing the law of increased temperatin-e to 
hold good, all these melted substances would be further 
reduced to a state of vapor or gas. The condition, therefore, 
of the earth would be that of a hollow sphere, gaseous at its 
centre, with intermediate zones of fluid or pasty matter, and 
with a solid outer envelope or crust. This [Supposition, how- 
ever, overlooks the eflPect of gravity, and could only be exactly 
correct supposing gravity to be wanting. 

It is well known that, as a general rule, the effect of press- 
tire is to raise the fusing-point of any material. If a given 
body would melt at the surface of the earth at a given tem- 
perature, it would require a much higher temperature to melt 
it if it were exposed to pressure ; as it would be if removed 
nearer to the centre of the earth. Consequently, though the 
condition of the interior of the earth may well be as described 
above, the actual depth at which these changes occur will cer- 
tainly be greater than is indicated by the mere law of the 
increase of temperature in descending below the surface. 

In what exact ratio, and to what exact extent, the pressure 
of gravity interferes with the fusion of the interior of the 
earth, we do not know ; but that it must so interfere is certain. 
The phenomena of volcanoes, however, prove that, in certain 
localities and at certain times, at any rate, melted matter is to 
be found at no great depth below the surface of the earth. 

Upon the whole, then, it would appear safe to conclude 
tjiat the earth consists of a, comparatively speaking, thin skin 
or solid crust surrounding a more or less completely fluid in- 
terior, 

SuEFACB OF THE Eaeth. — When we come to consider the 
surface of the earth, the first and most obvious fact which 
strikes us is, that it consists partially of dry land atid partially 
of water. This fact is so obvious that we never ask ourselves 
why this should be so, but in reality it is a circumstance re- 
quiring explanation. It is quite conceivable that the surface 
of the earth might have been perfectly level, completely cov- 
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ered by water, and exhibiting no dry land. As it is, we not 
only have dry land, rising in some instances to over 29,000 
feet above the sea-level, but we know that depressions fully as 
deep, and probably much deeper, exist below the level of the 
sea. If the crust of the earth had been always absolutely 
immovable, and were so now, no such state of affairs would 
be found, since, as we shall see later on, every thing above the 
sea would by this time have been reduced to below the level 
of the lowest tides. 

The origin and existence, then, of dry land is only to be 
explained upon the supposition that the crust of the earth is 
not immovable, but that it is liable to partial elevations and 
depressions, one portion being raised, while another is station- 
ary or is depressed. If the conception of the globe as a fluid 
mass surrounded by a thin solid crust be the correct one, it is 
easy to see how such movements might take place ; though 
it is difficult to point to the exact* capse of any particular 
movement, or, indeed, of these movements in general. In 
some cases, perhaps, the elevating force may be steam gener- 
ated by the access of water through fissures in the crust of the 
earth to the highly-heated interior. A more general cause, 
however, for these movements may be found simply in the 
irregular contraction of a highly-heated and heterogeneous 
globe, siuTOunded by a comparatively rigid crust, and slowly 
parting with its heat. 

When, therefore, we meet with dry land, we believe that 
its existence is to be ascribed to a partial elevation of the 
crust of the earth at this particular point ; and the chief rea- 
sons for this behef are as follows : 

We find everywhere in the dry land the remains of sea- 
animals embedded in the rocks ; this proving plainly that these 
rocks were originally covered by the ocean, and that, in fact, 
they were actuaUy formed at the bottom of the sea. The 
rocks containing these marine animals occur now at various 
elevations above the present sea-level, having been detected 
as high as human observations can be made. (Fossil shells, 
for instance, have been found in the Himalayas at a height of 
over 18,000 feet.) Now, there are only two means of account- 
ing for this fact : either the sea must have retired and left 
these rocks dry ; or^ the rocks must have been raised above 
the level of the sea by some agency. At first sight it would 
seem more likely that the sea should have altered than the 
solid land ; but no fact is better established than that it is 
really the land which has changed its position. 
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The sea cannot sink permanently at any one point without 
sinking to the same amount over the entire globe. Nor, 
again, can the sea-level be permanently raised at one point, 
unless it is raised universally and equally. This single consid- 
eration is sufficient to destroy any theory that the sea either 
permanently retires from the land, or permanently gains upon 
it at any particular point simply by overflowing it. 

On the other hand, passing over at present the numerous 
proofs afforded by geology of the movements in the earth's 
crust, we can actually observe the process going on in certain 
regions of the world. Thus, it has been established that ihe 
west coast of Greenland is gradually sinking over a space of 
about six hundred miles £rom north to south. In the same 
way it has been shown that a great portion of Sweden and 
Norway is gradually being elevated at a rate of about three 
feet in a century. In South America, the plains of Patagonia 
and the pampas of Buenos Ayres have been elevated within 
comparatively modem times, as shown by the existence on 
th^ir surface of numerous marine shells of living species. 
Scotland is believed to have undergone an upheaval of about 
forty-five feet since the time of its occupation by the Romans. 
Lastly, many instances are known, in which extensive tracts 
of land, sometimes covering hundreds or even thousands of 
square miles, have been suddenly elevated or depressed con- 
temporaneously with the occurrence of earthquakes. 

We must, then, altogether give up the old belief that " the 
ocean was formerly universal, and that it has gradually sunk 
down to its actual level, so that the present continents and 
islands were left dry " (Lyell). On the contrary, we must be- 
lieve that every portion of dry land at present above the sea- 
level is there in consequence of a local elevation of the crust 
of the earth at that point. And, not only is this the case, but 
geology shows us by unmistakable evidence that alternate 
elevation and depression of portions of the dry land has been 
part of the order of Nature and has been going on throughout 
the whole of geological time. What is now dry land has 
been beneath the sea, not once, but many times, and may and 
will be again submerged. Our present seas, in the same way, 
roll over what has been many times, and will again be, dry 
land. Thus, in the words of Sir John Herschel, " we come to 
perceive that the actual configuration of our continents and 
islands, the coast-lines of our maps, the direction and eleva- 
tion of our mountain-chains, the courses of our rivers, and the 
soimdings of our oceans, are not things primordially arranged 
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in the construction of our globe, but results of successive and 
complex actions on a former state of things ; that^ again, of 
similar actions on another still more remote ; and so on, till 
the original and really permanent state is pushed altogether 
out of sight and beyond the reach even of imagination ; while, 
on the other hand, a similar and, as far as we can see, inter- 
minable vista is opened out for the future, by which the habi- 
tability of our planet is secured amid the total abolition on it 
of the present theatres of terrestrial life." 

DiSTEiBunoN OF THE Land. — As regards the distribution 
of the dry land, the most obvious and geologically important 
fact is the preponderance of the great continental masses in 
the northern hemisphere as compared with the southern. 
Thus, Europe and Asia wholly, two-thirds of Africa, and felly 
one-half of the American Continent, are situated north of the 
equator. In the southern hemisphere we find only about one- 
third of Africa, the greater portion of South America, and the 
continental island of Australia, with New Guinea, and part of 
Sumatra and Borneo. 

Calculating the entire superficial area of the globe at about 197,000,000 
of square miles, the dry land only occupies about 52,000,000 square miles, 
and the ocean covers the remaining 146,000,000 square miles. Of the dry 
land, about S9,000,000 of square miles lie in the northern hemisphere, and 
only about 18,000,000 in the southern hemisphere, or no more than one- 
fourth of the entire land-surface. On the other hand, while the ocean covers 
nearly three- fourths of the entire surface of the globe, more than seven- 
twelfths of this is found in the southern hemisphere. 

The general fact indicated by the preponderance of land in 
the northern hemisphere is that the centre of gravity of the 
earth must be eccentric as regards the centre of figure of the 
earth ; and that the eccentricity must be in the direction of the 
southern hemisphere, since here the greatest mass of the 
ocean is accumulated. This further indicates, as pointed out 
by Huxley, that the force which sustains our continents must 
be one of " tumefaction." 

The relative distribution of land and water has many other 
important bearings, especially as concerns climate, and some 
of these wiU be noticed hereafter. 
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CHAPTER n. 

Mountains. — ^When we come to consider the general feat- 
ures of the land, the first and most striking feature of all is 
found in the great mountain-chains which diversify the surface 
of the great continents. Mountains are those portions of the 
surface of the earth which are elevated for more than a thou- 
sand feet above the level of the sea ; this limit being, of course, 
an entirely arbitrary one. Mountains may occur in groups, 
ranges, or chains, and little need be said here as to their dis^ 
tribution over the surface of the earth. It is curious, how- 
ever, to notice the diflference in this respect between the New 
and Old Worlds. In the New World, the great mountain- 
chains have a general direction approximating to a meridional 
one, that is to say, more or less nearly running from north to 
south. They not only coincide with the general axis of the 
continent (which, indeed, they themselves cause), but they 
more or less closely follow the coast-line, for a distance of over 
eight thousand miles. In the Old World, on the other hand, 
there is no single well-defined mountain-chain following the 
general coast-line ; but there is a broad, mountainous zone, ex- 
tending across Europe and Asia in a direction more or less at 
right angles to the meridian, or from east to west. 

Kinds of Mountains. — All mountains may be looked upon 
as belonging to one of three kinds : mountains of circumdenu- 
dation, mountains of uptilting, mountains of ejection (Jukes). 

1. Mountains of circumdenudation are those mountains 
which have been formed by a removal of surrounding matter. 
It is quite clear that, if the whole, or any portion of a mass 
of land were raised to a certain elevation above the level of the 
sea, and were then subjected to any forces which could remove 
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fix)m the elevated portion all the external materials, we should 
have a group or range of mountains left standing in the cen- 
tre, as a kind of backbone. Hills, then, of circumdenudation 
(Fig. 1) are simply masses of land left untouched out of a gen- 
erally elevated region, the outer portions of which have been 
removed. What the forces are which produce mountains of 
this kind, we shall afterward see. In most mountains of cir* 
cumdenudation the base of the hill is formed of the same 
materials or rocks as those which occur in the adjacent low 
ground ; while the upper part of the hill is formed of rocks 




Fig. 1. — Diagram to illustrate mountains of circumdenudation. The dotted lines represent 
the mass of material which has been removed by denudation. 

which do not occur in the low ground immediately adjacent, 
since they have been removed by denudation. Most of the 
individual hills, even in ranges of the following class, are 
mountains of circumdenudation. That is to say, the whole 
region has been elevated as a single mass, and then the moun- 
tains have been carved out of it by various " denuding " agents, 
which will be subsequently spoken of. 

2. Mountains of uptiUing are those mountains which 
have been formed by the direct elevation of a given region 
along a given line. As a rule (Fig. 2), the ranges formed in 
this way are due to the crumpling and folding up of an exten- 
sive region. Sometimes, however, the elevating forces have 
produced a long fissure or crack in the crust of the earth, and 




Fio. 2. — ^Mountains of uptlltin?. Section of the Appalachian chain, showing how a succes- 
sion of parallel ridges has been formed by powerful folds in the rocks. 



have then simply raised the portion of land on one side of the 
fissure, while the other side has remained stationary or sunk 
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dowiL In all cases, the mountain-ranges of this class exist, 
not in consequence of "denuding" forces carving them out 
of the general surface of the ground, but in spite of these 
agencies. At the same time, the individual hills of any range 
produced by uptilting are generally, if not .universally, pro- 
duced by circumdenudation. In most mountains of uptilting 
(Fig. 2), the central and most elevated portions of the moun- 
tain-range are found to consist of older rocks ; and ihe low 
grounds consist of beds which are higher in the series, and 
which originally covered the entire mountain-mass, but have 
been subsequently removed by denudation. * 

3. Mountains of ejection are those hills formed by mate- 
rials derived from the interior of the earth and raised above 
the surface by the action of subterranean forces through an 
orifice or opening in the crust of the earth. In these cases 
(Fig. 3), the ejected materials, of course, get piled up round 
the orifice through which they are expelled, so as ultimately 
to form a hill of a more or less accurately conical form, all the 
beds of which have a general inclination or "dip" away from, 
the central opening. Of ^his natmre are no other hills save 
only " volcanoes," ajid they are, therefore, of comparatively 
rare occurrence. They sometimes, however, attain a g^eat 
size, Etna, in Sicily, being about ten thousand feet in height, 
and ninety miles in circumference at the base ; while some 
of the volcanoes of the New World have -a height nearly twice 
as great. 

VOLCANOES. 

Before going on to speak of valleys and of denuding agents 
in general, it may be as well to introduce here all that need 
be said on the subject of volcanoes. 

What is understood by a "volcano" is an aperture in the 
crust of the earth from which are discharged greater or less 
quantities of the molten materials which form the interior of 
the earth, if not universally, at any rate in the locality in 
which the volcano occurs. Volcanoes may be either active or 
extinct^ and they may be either suba^iai or submarine. Active 
volcanoes are tnose which are now ejecting materials, or have 
done so in the historical period ; extinct volcanoes are those 
which have all the characters of volcanic cones, but have not 
ejected materials during the historical period. Li submarine 
volcanoes the aperture from which the molten matter is ejected 
— ^in all cases called the crater — ^is below the level of the sea ; 
and thus the ejection of melted material is hidden from our 



VOLCAKOES. 13 

eyes, unlesa it should go on for a sufficient length of time, or 
for a sufficient extent, to be visible above the surface of the 
sea. Subafirial volcanoes are those which have the crater or 
aperture of ejection upon the land, and it is these with which, 
of course, we are best acquainted. Most of the points which 
should be known about volcanoes may be illustrated by Vesu- 
vius, which has recently formed the subject of a most valuable 
and interestiag work by Pro£ Phillips, of Oxford. 



liO-B.— ToaQTin 



In the first place the activity of an *' active" volcano is 
not constant, but is intermittent. That is to say, no volcano 
constantly emits melted matter, or even smoke or flame, ex- 
cept in a few exceptional cases. In the case of Vesuvius, the 
earliest recorded parosysm of activity, or " eruption," took 
place in the year 79 A. D. Traditions existed of former erup- 
tions, and such, no doubt, bad taken place, but for many cen- 
turies the mountain had been quiescent, and exhibited to the 
non-geological observer no peculiarities to separate it from 
Other mountains. 

Examined in its quiescent state, Vesuvius, like any other 
volcano, would exhibit the following appearances : TTie hill 
would be more or less nearly conical in shape, probably con- 
siderably and often irregularly truncated at its summit. At 
the top, however, would be found a deep depression or pit, 
the remains of the old crater, the bottom of which, in the quiet 
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state of the mountain, would have completely solidified. To 
imagine a quiescent volcano, therefore, we have only to con- 
ceive of a gigantic cone, the summit of which is broken off, 
and which is furnished with a deep depression. This depres- 




Fig. 4.— Diagram to Uluatrote the condition of a quiescent volcano. 

sion has its floor formed by the solidified molten matter which 
formerly filled the vent, and its size is sometimes exceedingly 
great. Thus the old crater of Bromo, in Java, is between 
four and five miles wide, and is formed by a central floor sur- 
rounded by a ring of precipices varying from two to twelve hun- 
dred feet in height (Jukes) ; and these dimensions are nothing 
extraordinary. 

When the volcano has a paroxysm of activity, far other 
phenomena are observable ; and they are essentially the same 
when the volcano is a new one, or whether it has been for- 
merly in ac^vity. Supposing, however, the volcanic focus to 
have been previously active, and to have enjoyed a longer or 
shorter period of quiescence, the conditions of the case 'are 
these: Beneath the volcano — at no very great depth — is a 
vast accumulation of molten rock, which is being impelled 
toward the surface. We need not stop now to inquire into 
the iwtture of the forces which drive the melted matter up- 
ward, but they are almost universally admitted to be of the 
nature of some elastic gas, probably steam. Be this as it may, 
in this effort toward ejection, the impellmg and elevatory 
forces are resisted by the weight of the volcano itself, and by 
the cohesion of the solidified matter which fills the ancient 
vent. This resistance generally gives rise to more or less 
violent vibrations of the ground, or earthquakes, usually at- 
tended by subterranean noises, often compared to the noise 
of many carts on a stony road, or to underground thunder ; 
and not uncommonly attended with more or less elevation of 
the ground surrounding the volcano, this, in turn, often caus- 
ing the sea to advance and retire with great rapidity, and in 
gigantic w^yes, Ultiuiatel^ the gpntest |s ended by the vio- 
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torj of the elevating forces ; the solidified matter which chokes 
the old crater is blown out ; or an easier solution is found in 
the formation of a fresh opening somewhere in the sides of the 
mountain. 

Now the eruption proper is fairly begim, and perhaps the 
commonest phenomenon which indicates that the crater is 
open, is the presence of a vast column of vapor over the vol- 
canic vent. This column of expanded vapors and gases is well 
known by the simile of Pliny, who compared it to a gigantic 
pine-tree, narrow below, like a great trunk, but widening out 
above into an enormous mass of foliage. It may remain over 
the mouth of the volcano for many days before any further 
sign is shown ; and it is not at all uncommon for the clouds 
accumulated in this way to part with their condensed moist- 
ure, giving rise to abundant and heavy showers of rain. 

The next phenomenon is generally the ejection from the 
crater of vast columns of what are known as volcanic ashes, 
sooriaB, and volcanic bombs! The "ashes" are simply the 
melted rock shot up by the imprisoned gases beneath to a 
great height in the air, and thus granulated or reduced to im- 
palpable dust. They may be carried by the wind for great 
distances, even^ hundreds of miles; and it was by immense 
showers of ashes *that Pompeii was buried at the great Plinian 
eruption of Vesuvius in the year 79 a. d. " Scoriae," again, is 
the name given to portions of the melted rock or " lava," shot 
up above the crater in the same way as the ashes, but not re- 
duced to powder. When thus ejected, the melted rock con- 
tains much gas or vapor enclosed in its interior, and by the ex- 
pansion of these gases it is rendered cindery or spongy, with nu- 
merous irregular cells or cavities. Still larger masses of lava, 
thrown up in the same wav, and cooling rapidly during their 
flight, constitute the so-called " volcanic bombs." Both the 
ejected scorisB and stones are thrown up violently to a height 
of one to two thousand feet. If they are thrown up vertically, 
they simply fall back again into the crater ; but if the angle 
of ejection be inclined to the vertical, they describe parabolic 
curves, and may fall at distances of from five to eight miles 
from the centre of eruption. 

Along with the ashes^ and scorise, and vapors of different 
kinds, great bursts of steam are usually emitted from the cra- 
ter from time to time. The rapid evaporation of the watery 
vapor in these jets of steam produces a high degree of elec- 
trical tension, and consequently discharges of electricity in the 
form of lightning occur with great frequency and brUliancy. 
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The last and most familiar phenomenon of an eruption is 
the appearance of a true current of molten rock, constituting 
what is known as " lava." When the intern^ pressure has 
reached a suflficient "intensity, the melted rock which fills the 
interior of the volcanic cone is raised ultimately to the lip of 
the crater ; or, if the sides of the cone are weak, a fresh fissure 
may be made somewhere below the actual crater. In either 
case, the molten lava now flows down the side of the moun- 
tain, as a river of red-hot, viscous, slowly-moving fluid. Its 
rate ©f progress is not very rapid, the consistency of melted 
lava being sometMing like that of thick honey or pitch. Even 
on slopes of thirty degrees it does not move more than a few 
miles an hour, and on ordinary declivities its rate of motion is 
not more than from a mile, or half a mile, down to thirty or 
forty feet in an hour. As the lava-current makes its way down 
the sides of the mountain, it parts, of course, with some of its 
heat, and, therefore, gradually solidifies. The sides and sur- 
face of the current, however, generally solidify before the cen- 
tre ; so that one may walk across a ciirrent that is externally 
converted into solid rock, but is red-hot and fluid in its centre. 
Very often, indeed as a rule, more than one current of lava is 
ejected during the course of an eruption, and generally from 
more than one point. In many cases, too, the current con- 
tinues to flow for many dajrs, and extends ultimately for many 
miles from the centre of eruption. Whenever the elevating 
forces have their tension relieved by the escape of the ashes, 
scoriae, and lava, the phenomena of the eruption cease ; and 
they may either return after a tolerably short interval, or the 
volcano may remain quiescent for many years or many centu- 
ries. Very often, however, quiescent volcanoes emit various 
gases and vapors, either themselves, or from minor vents 
(" fumaroles ") in their immediate neighborhood. 

These, then, are the general phenomena of an ordinary 
eruption of such an intermittent volcano as Vesuvius, and the 
subject may perhaps be rendered a little clearer by giving an 
account of a single eruption of this celebrated volcano. The 
account here chosen is flie one given by Sir William Hamilton, 
the British ambassador at Naples, describing the great erup- 
tion of 1766, and is quoted from Pro£ Phillips's work on 
Vesuvius : 

" In September, 1765, the vapors evolved from Vesuvius 
grew to be considerable ; in October, black sipoke with clouds 
of steam; and at last red tints appeared in these smokv 
wreaths. In November, the mountain being covered with 
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snow, a 'hillock of sulpliur* about six feet high, which had 
been recently thrown up, gave forth a light-blue flame from 
the top. . . . The eruptions, to which these smoke-ejections 
were prophetic or preparatory, began on Grood Friday, the 
28th March, 1866. A few days previously, the great and fatal 
image of the pine-tree appeared above the crater, and at night 
the smoke appeared like flame. On the day named, a violent 
explosion and shower of red-hot cinders occurred. At seven 
o'clock in the evening, the lava began to boil over the mouth 
of the volcano, at first in one stream," but afterward dividing 
into two. " The lava ran nearly a mile in an hour's time, 
when the two branches joined in a hollow on the side of the 
mountain without proceeding farther. The lava had the ap- 
pearance of a river of red-hot and liquid metal, such as we see 
in the glass-houses — on which were large, floating cinders, 
half-lighted, and rolling over one another with great precipi- 
tation down the side of the mountain, forming a most beauti- 
ful and uncommon cascade. As the eruption proceeded, the 
lava, which at first was pale and bright, became of a deep red. 
In daylight it scarcely seemed fiery, but a thick, white smoke 
marked its course. . . . On the 10th of April, at night, the 
lava disappeared from the side of the mountain toward Naples, 
but hntae out with more violence (toward Torre delP Annun- 
ziata) on the other side. ... Its source was a clear outburst 
from the side of the cone about half a mile from the mouth of 
the volcana It flowed like a torrent, with violent explosions 
and earth-shakings. The heat was such as to forbid a nearer 
approach then about ten feet. The consistency of the lava 
was such that a stick made no impression, and stones thrown 
forcibly on the current did not sink in it. It ran with amazing 
velocity, in the first mile with a rapidity equal to that of the Sev- 
ern at Bristol. The stream at its soiu'ce was about ten feet 
wide, but soon expanded itself ... so that at night it had the 
appearance of a continued sheet of fire, four miles in length, 
and in parts near two in breadth. . . . The vineyards and 
cottages were injured or destroyed, in spite of the opposition 
of many images of St. Januarius which were placed upon the 
cottages or vines. The lower part of the current was covered 
with red-hot stones — a kind of wall, ten or twelve feet high — 
which rolled on irregularly and slowly about thirty feet in an 
hour. The lava continued to flow at intervals, with ejections 
of stones and ashes, till the early part of June, or even till the 
10th of December, 1766." 

Geographical DiSTEiBunoir of Volcanoes. — ^The esti- 
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mated number of volcanoes which have been active within the 
last century and a half is about three hundred, but this num- 
ber might probably be at least trebled without going beyond 
the facts. Little consideration can be given here to the locali- 
ties in which volcanoes are found at the present day, but some 
of the best-known foci of volcanic action may be mentioned. 
In Europe are the well-known volcanic cones of Vesuvius, near 
Naples, and Etna in Sicily, with the cone of Stromboli in the 
Lipari Islands. Iceland is another ancient and equally well- 
known seat of volcanic energy, Hecla being the most famous 
of its vents. The island of Teneriffe is an. enormous volcanic 
peak, having a height of seventeen thousand feet. On the 
American Continent a group of volcanoes occurs in the Chilian 
Andes, containing as least sixteen active vents. In Bolivia is 
a second group of six or eight cones occupying the elevated 
plateau of Titicaca. Still farther northward, on the table-land 
of Quito, are eighteen active volcanoes. In Central America 
and Mexico there is another well-known group of volcanoes. 
On the west coast of North America occur only two isolated 
cones, Moimt St. Helens, at the mouth of the Columbia River, 
and Mount Edgecombe in Alaska. The most volcanic region 
of the globe is situated at the northern extremity of the Pa- 
cific, extending between America and Asia, and comprising 
the peninsulas of Aliaska* and Kamschatka, and the Aleutian, 
Kurile, and Japanese islands. In this region at least fifty-one 
active volcanic vents are known. In the Philippines and 
Moluccas are other groups of volcanoes. In the Sandwich 
Islands are two gigantic cones (Mounts Loa and Kea), which 
attain a height of fourteen thousand feet. In Java are forty- 
six cones, varying from four thousand to nearly twelve thou- 
sand feet in height, and in Sumatra are nineteen. In New 
Zealand are three active volcanoes, but the volcano which 
in either hemisphere approaches most nearly to the Pole is 
Mount Erebus, discovered by Captain Ross, in the Antarctic 
Continent (Herschel). 

From the general phenomena of the geographical distribu- 
tion of volcanoes, two principal laws are deducible : 

1. WTien sUucOed on islands^ volcanoes are generaUy ar- 
ranged along straight lines. Thus, in the Aleutian Islands 
there are twenty-three active volcanoes, occupying a straight 
line of nine hundred miles in length. In the Kurile Islands, 
eleven active volcanoes with many extinct vents form a nearly 
straight line, six hundred miles in length. In Java, Sumbava, 
and Floris, a line of active volcanoes exists nearly eleven hun- 
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dred miles in length. This linear arrangement of volcanoes 
points to their being situated along continuous lines of fissure 
in the crust of the earth. 

2. When placed on continents^ volcanoes are almost always 
in the immediate neighborhood of the sea or coast-line. Thus, 
all the American volcanoes are situated on the western or Pa- 
cific seaboard, especially those of the great chain of the Andes. 
In foct^ there are only two instances of volcanoes habitually 
active placed more than three hundred miles from the sea, and 
these two are in countries hitherto almost wholly unknown 
(in the Thian Shan Mountains of Central Asia). This law sup- 
ports the theory that one of the main agents in the production 
of volcanoes is the access of the sea-water to the heated inte- 
rior of the earth through fissures in the crust. 

Genbbal Steuctube op a Volcanic Cone. — It is not dif- 
ficult, on a consideration of the general course of a volcanic 
eruption, to understand now the ordinary structure of a volcanic 
cone. In the first place, we have a chasm or fissure in the 
crust of the earth from which great quantities of gases and 
steam are emitted, and hurled up with these are vast clouds 
of ashes, with fragments of cindery scoriae, and larger masses 
of melted lava. These mostly describe parabolic curves, and 
fall at greater or less distances from Uie volcanic vent, the 
lightest usually falling farthest j&om the crater, the heaviest 
nearest to it. The ashes float suspended in the atmosphere, 
but ultimately sink to the ground, often at very great distances 
from their point of ejection. As this goes on, by mechanical 
laws a cone will be gradually accumulated round the crater; 
and this cone will consist of bed|^ of ashes, scorise, and stones, 
more or less intermixed with one another, or distinct. All the 
beds of the cone will be found to be directed away from (or 
to "dip" away finom) the crater, at first at a tolerablv steep 
inclination, but gradually getting more and more nearly hori- 
zontal as we recede from the crater (Fig. 5). The crater, in 




Ro. 6.— Sectton of the Island of Falm* (after L3pie1I).— a ft, The old crater; o, Commence- 
ment of the steeper incUnfttion of the beds ; «, Lateral cone. 

the mean while, has been kept open by the constant passage 
upward of steam and other vapors. The intermittent flows 
of melted rock or lava are foimd alternating with (or " inter- 
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stratified" "with) the ashy and scoriaceous beds at different lev- 
els (Fig. 6). As, however, the flows of lava are generally 
irregular in strength and volume, and only last for a compara- 
tively short time, they usually give rise to beds of irregular 
thickness, and mostly in the form of discontinuous masses 
intermixed with the ashes. From the crater, too, there pro- 
ceed in all directions through the mass of the cone various fis- 
sures or cracks, more or less vertical, formed by the constant 
shaking to which the cone is subjected. As the fluid lava fills 
the crater in its endeavor to overflow, it is forced by the enor- 
mous pressure to fill all these cracks and fissures. When the. 
lava in these fissures cools and solidifies, each fissure is con- 
verted into a dike^ as it is called. Often these fissures extend 
for considerable distances, and they may all be filled with lava 
in this way, constituting so many " dikes," or nearly vertical 
walls of solidified lava, binding uie whole cone into a solid 
mass, and perhaps extending for many nules away from the 
original vent. 



F». &— Section of a volcanie cone.— a, Beds of ash, dipplnr away from fhe crater; 
&, Beds of lava interstratlfied with the ashes; e, Dikes of laya cattiDg across all the 
beds of the cone. The crater is filled by a plug of soUd lava. 

Exciting Caitses of Volcanic Ebuptions. — As regards 
the immediate causes of voleanic excitement, there are only 
two theories which need be noticed. In the first of these, it 
is supposed that volcanic eruptions might be caused by the 
presence in the interior of the earth of great reservoirs of the 
metallic bases of the earths and alkalies in an unbumt or un- 
oxidized condition. The action of water upon such masses 
might no doubt produce all the phenomena of a volcanic erup- 
tion; but there is no ground for assuming their existence. 
The second and most generally accepted uieory is, that vol- 
canic eruptions are due to the access of water from the surface 
to the highly heated interior of the globe, thus causing the 
generation of an enormous quantity of explosive and expan 
sive steam. This theory meets all the requirements of the 
case, and specially agrees with the two great facts as to the 
geographical distribution of volcanoes — ^that insular volcanoes 
are generally linear, as if placed along fissures, and that con- 
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iinental volcanoes are almost universallj in the immediate 
neighborhood of the sea. The production of the fissures by 
-vrhich the sea gains access to the heated interior, as already 
said,' is most probably to be ascribed to the irregular contrac- 
tion of a slowly-cooling globe, fluid toward its centre,.but sur- 
rounded by a crust of various materials and of unequal strength. 

EABTHQUAKES. 

Closely connected with volcanoes are those vibrations of 
the solid crust of the earth and those undulations in its waters 
which are known as earthquakes. Earthquakes consist in a 
series of vibrations or undulations of the crust of the earth, 
generally propagated from a central point or focus. The ex- 
act cause of earthquakes is more or less obscure, but it is cer- 
tain that they are so far connected with volcanic action as to 
be always more* frequent and*more violent in those countries 
which are the present theatres of volcanic energy ; while an 
eruption or paroxysm of volcanic activitv is almost always pre- 
ceded by earthquake-shocks : and the volcanic vents of a region 
are usually quiescent, as if relieved, during the actual continu- 
ance of an earthquake in the same district. The subject of 
earthquakes is so extensive that no more than a few of the 
leading facts concerning them can be here mentioned. 

As just remarked, earthquakes occur most commonly in 
volcanic regions. They occur, therefore, with the greatest 
frequency and violence in South America, the islands of the 
Pacific Archipelago, Japan, Upper and Western India, South- 
em Europe, and parts of North America. An earthquake is 
generally ushered in by profound atmospheric tranquillity, and 
more or less disturbance in the waters of the fated region. 
The sea advances and retires, springs and wells dry up, or be- 
come muddy and impure ; and often there are subterranean 
noises like the rumbling of carriages, or the thunder of artil- 
lery. The actual vibration or undulation of the ground which 
constitutes the shock rarely lasts more than a few seconds, or 
perhaps one or two minutes, but, if severe, this space of time 
will suflSce for the overthrow of every elevated structure upon 
the surface of the a£fected district. Chasms and fissures open 
in the ground, often with the emission of smoke, flame, or tor- 
rents of water ; and these fissures may close again instanta- 
neously, or may remain permanently open ; while they are 
sometimes sufficiently extensive to swallow up whole cities. 

Very often great tracts of land, sometimes occupying many 
hundreds of square miles, may be suddenly uplmed or de- 
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pressed. When the area thus affected is part of the bed of 
the ocean, the result is the production of a gigantic wave, 
which runs out in all directions frofti the point of greatest ele- 
vation or depression. These ** earthquake-waves," as they are 
called, are often of gigantic dimensions, and thej are some- 
times propagated for a distance of many thousand miles. Thus, 
in the celebrated earthquake of Lisbon, in 1755, ^ a portion 
of the coast-line sank suddenly to a depth of six hundred feet, 
and the result was a wave of sixty feet in height, which swept 
over the land, ravaged the whole coast of Portugal, and was 
propagated seaward quite across the Atlantic to the West In- 
dies" (Herschel). Again, in the terrible earthquake of 1854, 
in Japan, a number of these colossal earthquake-waves were 
generated, and were propagated across the Pacific to California. 
These earthquake-waves, from their mode of origin, are 
obviously "forced" waves, and they are commonly spoken of 
as "waves of translation." Various geological phenomena 
have been ascribed to the action of such waves sweeping 
across the land, but in most cases this explanation has been 
an erroneous one. 



CHAPTER III. 



DENUDATION. 



HAvma now briefly considered the phenomena of moun- 
tains, we come next to consider the other features of the land, 
and there are none specially requiring consideration from a 
geological point of view except valleys. As has been shown, 
mountains are of various kinds, but this cannot be said to be 
the case with valleys. It is true that the primitive cause de- 
termining the formation of a valley is not always the same. 
It may be a fold or flexure in the rocks, or a crack or fissure, 
or a great displacement of contiguous regions, bringing into 
immediate contact rocks of different hardness. The cause 
which determines the formation of a valley may differ in dif- 
ferent cases, but the actual work of formation is the result of 
the removal or " erosion " of the solid rock by means of what 
are known as the " denuding agents ; ^' and this leads us to 
speak of the subject of " denudation." 

Denudation is the general term applied by geologists to 
the removed of any portion of the crust of the globe so as to 
lay hare an inferior or fresh surface, Man, for instance, 
when he removes the soil from a rock-surface, in order to form 
a quarry, is a denuding agent. In the ordinary course of 
Nature, however, and with but a few insignificant exceptions, 
the denuding agents by which solid particles of matter are re- 
moved, are rain, rivers, the sea, and ice ; water, in .fact, in 
some form or other. At the same time the efficiency of these 
agents may be much increased, and the work of denudation 
hastened, by certain subsidiary agencies, which will, where 
necessary, be alluded tx). 

Rain. — Rain is chiefly of importance as a denuding agent, 
from the fact of rivers owing their production to this cause, 
and also to the greatly increased power of rivers in heavy floods. 
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Rain, however, itself has a perceptible though seldom exten- 
sive action as a denuding agent. Every shower that falls ex- 
erts a certain amount of wearing and wasting influence upon 
the earth's surface ; its effects being, of coarse, chiefly visible 
upon porous soils and incoherent materials, such as sands and 
clays. The action of the rain upon such materials may be 
studied in any ploughed field that is not absolutely level. It 
is unnecessary to add that the action of rain is most marked 
in those countries which are subject to heavy and sudden 
showers. 

Rain also exerts a marked chemical effect upon certain 
rocks, especially^upon limestones* This it effects by its power 
of dissolving carbonate of lime, a power which i^ much in- 
creased when it contains in solution a certain amount of car- 
bonic acid. In this way, no limestone can be exposed for any 
length of time to the action of rain, without exhibiting a very 
marked loss c^ substance ; and limestone may usually be rec- 
ognized in the field by the worn and " weathered " appear- 
ance of its surface where exposed. 

RrvEKS. — Rivers are most important agents in modifying 
the surface of the ground, and it is impossible to over-estimate 
the effects produced in this way by rivers acting through 
countless ages. The moment any portion of the earth's sur- 
face is raised above the level of the sea, so as to constitute 
dry land, rivers begin to be formed, and instantly commence 
the work c^ denudation, which they nev^r cease till the whole 
is again reduced to the level of the sea. 

All livers owe their origin to atmospheric precipitation in 
the higher regions of the land. They owe their existence to 
the precipitation on high grounds, in the form of rain, of the 
watery vapor raised into the atmosphere by the heat of the 
sun's rays. Every little rill and rivulet, produced in this way 
in the higher regions of a district^ tends on its way to a lower 
level to carry with it a portion of the solid materials which 
compose its bed or channel. The larger streams produced by 
the union of these act in the same way, and the mere exist- 
ence of a dedor charnnd is the best procif of the existence of 
the action in qxiesticm. The action of rivers as denuding 
agents, fhnn the nature of the case, is chiefly exercised in a 
verticjd direction, is confined i/o the actual (^annel for the time 
being, and is almost wholly mechanical, depending upon the 
wearing power of water in motion. The work done hj rivers 
depends, therefore, upon the amount of declivity or faD in -their 
beds, and the consequent rapidity of their currents, and also 
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partly upon the volume of water carried by each. This last 
element, however, has not , so much effect as might be ima- 
gined, since the denuding power of even a small torrent may be 
as great as, or greater than, that of a large river, supposing 
its current to be proportionately more rapid. The denuding 
work of rivers depends, also, to a great extent, upon the 
nature of the rocks which form the bed ; being greatly favored 
by the existence of soft and incoherent beds, by the presence 
of numerous fissures, or by the existence of great disturbance 
in the rocks. Thus, the Falls of Niagara owe their existence 
to the wearing action of the river upon a bed of soft shale 
which forms the base of the fall, and is capped by a hard bed 
of limestone (Fig. 7). The river gradually wears away and 
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Fia. 7.— Sketch-section of the Falls of Niagara.— <z, l^gara limestone; &, Niagara shales; 

c, Medina sandstones. 

eats out the yielding shale, and leaves the harder limestone 
unsupported below. The result of this is the breaking off of 
great masses of the limestone left thus without support, and 
the fall is in this way being gradually removed farther and 
farther up the river. Like rain, rivers also exercise a decided 
chemical action upon limestones, dissolving them and wearing 
them away by their solvent power upon Carbonate of lime. 

All rivers, then, alike, in their course from the mountains 
in which they rise to the sea in which they end, tend to carry 
down portions of the land to a lower level, never wholly rest- 
ing in this tendency till the materials which they carry down 
are delivered into the ocean. 

The amount of matter carried down in this way varies 
with the nature of the rocks over which the river flows, with 
the rapidity of its descent from the -high lands to the low 
lands, with the amount of water which it habitually conveys, 
and with its liability to sudden floods. The proofs of the de- 
nuding powers of rivers are partly what we see rivers doing 
now^ and partly what we see they have done in past time. 

When we see a river turbid and muddy, as in high floods, 
the slightest reflection assures us that this can only be from 
the suspension in its water of solid particles of sand or mud, 
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wbicli it iaa gathered on ita course, and is carrying down with 
it to a lower level. Many rivers palpably bring down sus- 
pended solid matter, whether they are in flood or not, and all 
rivers do so really, at all times, though the amount of solid 
matter may not be sufficient to discolor tlie water. To gain 
some idea of the amount of matter thus traasported, we must 
look chiefly to the effects which esisting rivers have accom- 
plished in past time. These effects are twofold, and are 
found in the mai^s left by the rivers in their passage over the 
land, and in the accumulation of the materials which they 
bring down in certain localities, and especially at their point 
. of entrance into the ocean. 

EveiT river (Fig. 8) flows in a certain definite channel or 
bed, enclosed by banks of varying height, and often occupy- 
ing a valley which is bounded by other banks or bluffs, aJso 
of varying height It cannot always be asserted positively 
that these more distant banks are the work of the stream, 
though this is mostly the case, since it can often be shown 
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that the rocks in these bluffs were at one time continuous, 
while the plain which they enclose is generally imder water in 
high floods. In all cases, however,, the aotual bed of the river 
(Fig. 8, a) is the work of the river itself, and is the result of the 
wearing action of the river-current. Not only is this the 
case, but there is a constant tfindency to scour out and deepen 
the channel by the carrying away of detrOua to a lower level. 
The exact amount of work done in this way by any river 
varies with the set of tiie current in any particular portion of 
ita course, and according to many little peculiarities of merely 
local origin. Thus, notUng is conunoner than to find a stream 
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rapidly silting up and filling one portion of its bed, while it is 
with equal rapidity deepening its channel in another place. 
The wearing, or " erosive " action of a stream in forming its 
own channel, and in deepening it when once formed, is seen 
most plainly and markedly — ^as a matter of course — ^in the case 
of mountain-torrents. In any such, the bottom of the stream 
invariably shows most plainly the marks of wearing down by 
water, even when it passes over the hardest rocks. Often deep 
circular holes or caldrons — ^pot-holes — are formed by the whirl- 
ing action of the water keeping in constant rotation a few 
pebbles. In all cases, watei^falls scoop out deep holes, and 
often they undermine the ledges over which they are precipi- 
tated, and then break them off in large masses. 

Another mark of the " degrading " power of water in mo- 
tion is seen in almost all streams, but preeminently in moun- 
tain-streams, and that is the number of rounded stones and 
bowlders which they always contain. These are generally 
blocks of rock, which have fallen into the stream, and have 
become gradually rounded by the wearing action of the run- 
ning water, and by friction against other blocks. By a con- 
tinuance of this process, the blocks are finally converted into a 
number of rounded, water-worn pebbles. These, in turn, are 
gradually rubbed down into sand or mud, till the whole may 
be ground down into minute particles, and thus rendered 
available for transport to the ocean. The amount of solid ma- 
terial thus transported by rivers has been oTten estimated, and 
reaches an enormous total in the case of great rivers. Thus, 
the Granges annually carries down to the sea 6,368,000,000 
cubic feet of solid matter. The Mississippi brings down 
3,000,000,000 cubic feet annually, and the Hoang-ho is said to 
bring down no less than 48,000,000 cubic feet of solid matter 
per day, or about 18,000,000,000 cubic feet per annum. 

The work done by a river may be further estimated by the 
amount of solid material which it deposits at its mouth. AU 
the solid matter conveyed by a river is not deposited in this 
way. Much is deposited at various points in the course of 
the river itself, and much more is X5arried oflF into the sea, or 
swept away by oceanic currents. Such materials, however, 
as are deposited, constitute an area of flat land at the mouth 
of the river, this being what is known as a delta. All rivers 
of any size form a delta at their entrance into the sea, and 
many do so where they open into a lake. In so doing, the 
river divides and subdivides into more or less numerous 
branches^ and deposits the solid sediment which it holds in 
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suspension. In fact, the river, when its course becomes suflS* 
ciently level and its current sufiSciently slow, at once begins 
to deposit all suspended matter; till it finally succeeds "in 
choking up its mouth with a larger or smaller area of mud and 
sand, which it has itself brought down, and through which it 
has painfully to fight its way to the open ocean by many and 
tortuous channels. Most rivers form deltas of more or less 
size ; the deltas of some are especially noteworthy for their 
size. The delta, for instance, which is formed by the com- 
bined efforts of the Ganges and Brahmapootra covers an area 
of nearly 60,000 square miles, or an area larger than that of 
England and Wales. In like manner, the whole, or almost 
the whole, of Holland has been deposited by the Rhine; 
Egypt, as remarked by Herodotus, is " the gift of the Nile," 
and the delta of the Mississippi is as large .as the whole of 
England. We have in such deltas a measure of part, at any 
rate, of the denudation effected by these rivers, since every 
solid particle in the delta has been brought down by the river 
from the interior of the country. For every foot, therefore, 
of solid matter that is added to the delta, a foot has been re- 
moved from somewhere inland. 

There are many great rivers, however, which do not form 
deltas, or which cannot extend them beyond certain limits. 
In the case of the Nile, the farther extension of the delta is 
prevented by a powerful marine current which sweeps its sea- 
ward edge. The Amazons, the largest river in the world, forms 
no delta, the volume and force of its waters being suflBcient to 
carry out far to sea all the solid matters held in suspension, 
where they are tranquilly deposited at the bottom. The St. 
Lawrence also forms no delta, but for a different reason. Be- 
fore reaching the ocean, the St. Lawrence has to pass through 
the chain of the great American lakes, and the greater part 
of its sediment is deposited in these. Other things remaining 
the same, the St. Lawrence will ultimately succeed in filling 
these lakes, and it will then begin to form a delta. 

Thb Sea. — Among the most powerful of the agents which 
tend to wear away the land and to reduce it to the sea-level, 
is the sea itself. The rivers, running over the land, act chiefly 
vertically,* cutting for themselves shallower or deeper channels 
to form their beds. The sea, on the other hand, acts upon the 
margins of the land in a horizontal manner chiefly, tending 
gradually to cut down the land exposed to its action to a uni- 
form level. Every portion of the land which is elevated 
above the sea is exposed twice in the twenty-four hours to the 
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abrading action of the tides all along its coasts ; and the re- 
sults of this are exhibited in the plainest manner along every 
coast-line, being, of course, more evident in those seas in 
which the tide rises highest, and the waves attain their great- 
est height and strength. The shingle and gravel-banks, and 
even the sand itself of the sea-shore, are almost all derived 
from the waste material which the sea has produced by slowly 
eating away the land. The pebbles in every shingle-bed on 
all sea-ooasts are thoroughly rounded and smooth, showing 
that they have been gradually worn down to their present 
shape by being constantly rubbed against one another by 
every tide in its advance and recession. The finer particles 
produced by the further attrition of the pebbles constitute the 
sand and mud of the shore. 

In like manner, the sea, especially during high tides, grad- 
ually undermines the land, acting most powerfully upon a 
horizontal plane at the foot of the cliffs which usually form 
the margins of the beach. The upper portions of the cHff are 
thus deprived of support, and slip down, forming broken 
masses which are easily acted upon by the waves, are gradual- 
ly ground down into sand or mud, and are carried off else- 
where to form sand-banks or marine accumulations of different 
kinds. By this process, the land is gradually eaten away, 
and there are many cases in which this can be rendered palpa- 
bly evident to us by authentic records, showing that centuries, 
or perhaps only years, ago the sea extended for many acres or 
even miles over what is now covered by the waves. 

All the cliffs, then, which border the sea-coast have been 
formed by the sea itself, gradually eating back into the land. 
In like manner, we are forced to come to the conclusion that 
many cliffs and precipices now far inland have been formed at 
some former period by the sea, at a time when it extended 
much farther inland than it does now ; or, to speak more cor- 
rectly, at a time when the land was very much less elevated 
than it is at present. 

K we imagine any portion of the land being slowly ele- 
vated above the sea, at the rate of a few inches or a few feet 
a year, it is clear that every portion of its surface will in turn 
form a coast-line, and wiM be exposed to the denuding power 
of the sea. We have every reason to believe that this is 
what really occurs. Every portion and fragment of our exist- 
ing dry land has been raised from the deep, and, in the course 
of this process, every portion of its surface has constituted a 
coast-line for a longer or shorter period, according to the 
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rapidity with which the elevation has been accomplished. In 
this way, many inland cliffs, scars, precipices, valleys, and 
mountain-passes, have undoubtedly been formed by marine ac- 
tion ; though in other cases we cannot suppose that the sea 
has been the agent employed. 

By the constant repetition of these denuding actions 
throughout long periods, we are readily able to believe that 
the sea has removed from the land vast masses of rock, and 
has, therefore, cooperated most extensively and powerfully 
with the other denuding agents in producing the present con-, 
figuration of the land. The action of the sea, too, does not 
cease altogether with its erosive influence upon the coast-lines 
exposed to the daily rise and fall of the tides. 

There is good reason to believe that some oceanic currents 
have sufficient power and velocity to scoop out submarine 
valleys in the spfter and more incoherent materials of the sea- 
bottom, though they can only act in shallow seas, and are not 
likely to affect the harder rocks. 

It must be carefully borne in mind that the sea, like the 
rivers, destroys nothing of the land, but simply rearranges it. 
Every particle of solid matter which Ls carried off by the sea 
from the land is deposited somewhere else, forming part of 
sedimentary accumulations, which will at some future period 
form dry land. In many cases, by the action of oceanic cur- 
rents, the materials derived from the land are conveyed to 
great distances, and we cannot point to their resting-place. 
They must, however, ultimately be deposited somewhere^ and, 
in many cases, we have direct instances of this fact, in the 
existence of sand-banks and bars, or even in the silting up of 
bays and estuaries. 



CHAPTER IV. 
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Wb have now to consider an exceedingly interesting and 
important subject, namely, the eflfect of water upon the land 
in the form of ice. In ascending from the sea-level, as is 
known to all, there is a gradual and regular diminution of the 
temperature, till in every country a fine may be ultimately 
reached, where the temperature is so greatly and permanently 
reduced that the snow which falls will not melt. This line is 
called the " line of perpetual snow," and its position varies 
in different countries and in different climates, being, of course, 
much sooner reached in cold than in hot regions. In Britain 
the line of perpetual snow is about five thousand feet above 
the sea-level ; and, as there are no mountains of this height, 
there is no perpetual snow. In Iceland, and at the North 
Cape, the line of perpetual snow is about two thousand feet 
above the level of the sea ; in Norway about four thousand 
feet ; in the Alps about eight thousand feet ; in the Equato- 
rial Andes about sixteen thousand feet; in the Himalayas, 
from thirteen to twenty thousand feet ; and in the Antarctic, 
and part of the Arctic regions, the line of perpetual snow 
agrees with the sea-level. 

Glaciebs. — It follows from the above, that all those por- 
tions of a mountain-range which lie above the level of the line 
of perpetual snow are constantly receiving fresh accessions of 
snow ; and, as the snow does not melt, these annual additions 
would indefinitely increase the height of mountains, if it were 
not that a portion of the snow is constantly descending the 
mountains by gravitation. The pressure from 'behind, pro- 
duced by the constant accumulation of snow above the snow- 
line, constantly thrusts portions of the snow down the moun- 
tain into precipitous valleys, in this process of descent from 
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the constantly replenished upper snow-fields, partly by press- 
ure, and partly by thawing and freezing over again, the snow 
becomes gradually converted into solid ice. The result of this 
is that, if we take such a mountain'range as the Alps, we find 
the upper portion of the chain covered by a constant and pei> 
manent coating of snow ; while from all the principal valleys 
which flank the highest hills there proceed rivers of solid ice, 
constituting what are called fflucias, and formed in the way 
just described (Fig. 9). 



1 



Fia. 9.-~I1ieQlsderoftheUeida6Iwa(frainBplu>tognpli). 

The general phenomena of a glacier, which are of geologi- 
cal importance, are these : The entire mass of ice forming the 
glacier is not stationary, but is constantly moving down the 
mountain to a lower level, exactly as a river or as any viscous 
fluid would do, only at a much slower rate of movement. The 
weight of the glacier is the cause of the movement, and its 
motion is rendered possible chiefly by the great facility with 
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which ice will break and instantly unite again by the freezing 
together of the freshly-fractured surfaces (a phenomenon known 
by the technical name of " regelation "). The rate of move- 
ment of glaciers varies from a few inches to perhaps a couple 
of feet in the twenty-four hours, and is diflFerent at diflferent 
seasons. 

As the glacier pushes itself out in the lower and conse- 
quently warmer portions of the mountain-region, its rate of 
advance is not sufficiently rapid to counteract the loss which 
it suffers by melting ; so that a point is always reached at last 
beyond which the foot of the glacier cannot proceed. The 
melting which goes on at this point, as well as over the whole 
surface of the glacier, generally gives rise to a permanent and 
often very large stream, which is entirely fed by the glacier. 
(Thus, the source of the Ganges isifrom one of the great gla- 
ciers of the Himalayas, from the foot of which it issues as a 
muddy stream more than forty yards in width.) It is to be 
remembered, however, that the thickness of a glacier is so 
great (from two to eight hundred feet) that the ice-stream can 
descend far below the line of perpetual snow, before the melt- 
ing is so rapid th^ the daily advance is neutralized. Thus 
the snow-line in the Alps is about eight thousand feet above 
the sea-level, but the glaciers descend from three to four thou- 
sand feet below this line* 

Another phenomenon of glaciers of great geological im- 
portance is what is known as the " moraines." As the glacier 
moves slowly down its enclosing valley, innumerable masses 
of rock and earthy matter are detached by frost, avalanches, 
and other agents, and fall down upon the surface of the mov- 
ing ice. In this way, the glacier becomes fringed on each 
side with a long line of masses of rock and soil, all along its 
margins, which it carries down with it to lower levels. Ttese 
constitute the " lateral moraines " of a glacier (Fig. 10). If, 
as often happens, two glaciers coming out of separate valleys, 
unite into a single stream, then the right lateral moraine of 
the one and the Uft lateral moraine of the other combine to 
form a long line of blocks and earth which occupies the centre 
of the new ice-stream formed by the union of the two tributa- 
ries. This constitutes what is called the " median moraine " 
of a glacier (Fig. 10). Often there are several median mo- 
raines, and the number and position of these depend wholly 
upon the number and size of the tributary glaciers which coa- 
lesce to form the main ice-stream. Lastly, when the glacier 
readies the point at which the rate of melting is so great as to 
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overcome its downward movement, all the solid materia 
which it carries in the form of lateral and median moraines 
are, of course, left by the melting of the ice, constituting what 
is called the ** terminal moraine." 
The terminal moraine, then, of a 
glader ia a long mound, or series of 
« mounds, of earth and stones con- 
j^ fusedly intermixed, running at right 
!^' angles to the vallej, and occupjiDg 
WJ the whole front of the glacier, fi 
/J is, however, seldom so perfect as 
L this, being usually breached in vari- 
ous places by the stream, or streams 
-^ which proceed from the extremity of 
the glacier, and a portion of its solid 
^ materials being thus carried off into 

1^^ lower regions. 

[| A terminal moraine may be easily 

i\ recognized by the following points, 
I even in places from which the gla- 
"' ' ciers have now » completely dis^i- 

M- peared; In the first place, all the 
materials composing any such termi- 
nal moraine wouH be " unstrati- 
fied;" that is, they would be confusedly thrown together, 
the heavier blooks oeing mixed up wiUi the finer earthy ma- 
terials, without any arrangement into distinct beds, or, in feet, 
any arrangement at aU. I^ on the other hand, the ridge had 
been deposited by running water — i^ for instance, it were the 
delta of au old torrent — fliis would not be the case. In this 
case, we should find the ridge "stratified;" comjtosed, that 
is, of alternating layers of coarser or finer niat«rials, according 
as the stream had power to bring down pebbles or large blooks 
at one time or only mud and sand at another time. Secondly, 
all the blocks in a moraine-ridge are more or less angular, and 
never completely rounded and water-worn. Haying simply 
been carried down as they fell upon the surface of the glacier, 
and having mostly been subjected to no attrition or wearing 
down, their edges generally remain sharp and unworn, just as 
they were when onginally broken off from the parent-rock. 
If the ridge had been deposited by running water, all its con- 
tained blocks would be reduced to the condition of rounded 
pebbles and gravel of different sizes, with water-worn bowlders. 
J%irdly, one might always detect in the blocks of a moraine 
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some wbich would be flattened upon one or more sides, the 
flattened side being at the same time more or less polished, 
and covered with more or less numerous scratches, grooves, or 
*' striae,'' usually pretty straight and similar in their direction. 

These polished and striated blocks are produced in this way : 
As the glacier moves down the valley, it meets here and there 
with uneven, rocky ground, which it has to surmount. When 
this occurs, ihe glacier becomes fissured with broad and deep 
rents, or cracks, which are called ^ crevasses,*' and which run 
transversely to the axis of the glacier, generally pointing upward. 
Into these broad and deep fissures, rocks, sand, and earth, may 
be precipitated, either from the rocky banks of the glacier, or 
by the liquefiEtction of the ice surrounding parts of the mo- 
raines. The rocks thus conveyed to the bottom of the crevasse 
get fi*ozen into the lower sur&.ce of the glacier, and are carried 
down with it in its downward course. In this coiu*se, partly 
by the weight of the superincumbent ice, and partly in conse* 
quence of the enormous pressure under which the glacier 
moves, these blocks get flattened, poKshed, and deeply grooved, 
on the face which is opposed to the rocks over which the gla- 
cier makes its way. 

Reciprocally, the rocks which form the bed of the glacier 
are worn down, polished, and grooved, with long rectilinear 
furrows, by having these blocks dragged over them under such 
an enormous pressure. Should the stones which are fixed into 
the bottom of the glacier change their position from any cause, 
such as the melting of a portion of the ice, they will be liable 
to be flattened, polished, and striated upon more sides than 
one, and the striae may run in different directions. In any 
case, however, in all the moraines of our modem glaciers, the 
number of striated and polished blocks is very small as com- 
pared with the total number of blocks in the moraine. On the 
other hand, in many ancient moraines the niunber of striated 
blocks is proportionately very large. 

Let us now consider what would be the condition of a val- 
^ ley down which a glacier had made its way ; supposing the 
^ glacier to have altogether disappeared, or to have partially 
retired, both cases l^ing of common occurrence. As before 
said, a glacier, though moving slowly, exercises an enormous 
pressure, and moves with a perfectly irresistible force. As a 
result of this, the rocks which underlie a glacier are every- 
where and in all cases more or less completely smoothed and 
rounded, and their salient projections worn down. Not only 
does this occur, but every stone and grain of sand which is 
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frozen into the lower surfece of the glacier acts as a graving^ 
tool, leaving its mark upon the bed of the glacier in the form 
of a rectilinear groove or furrow, pointing in the same direc- 
tion as the course taken hy the glacier itself (Fig. 11). 



to the i£o \ bb, FuirowB. 

Whenever, then, we find the rocks eibibiting this smoothed 
and rounded outline, with their surfaces policed and scored 
with long, straight fiirrows, we may be certain that a glacier 
bas been at work. These are the phenomena which we see at 
the present day wherever a glacier has retired and left any 
portion of its bed exposed to view ; and we find similar phe- 
nomena In places where there are now no glaciers. Thus, the 
fundamental rocks in the mountainous parts of Great Britain, 
and almost the whole of Europe, and over a great part of 
North America, are everywhere polished, smoothed, and stri- 
ated. From this we know, in conjunction with many other 
proofe of the same fact, that all these districts, at a compara- 
tively recent period, have been covered by great glatders. 

Another common phenomenon produced at the present day 
by glaciers, and foimd in many lot^ities where there are now 
no glaciers, are what are known as " rochea moutonnfies " (or 
shee]>-like rocks). These are dome-shaped masses of rock 
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(Fig. 12), Vhich are flattened and rounded on the surface look- 
ing up the valley, in consequence of the passage of a glacier , 
over them, but which generally present a more or less abrupt 
and rugged face on the side looking dovu Uie valley, since 
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this side was not exposed so much to the pressure of the gla- 
cier. Equally common in glaciated countries are what are 
known as " perched blocks. If it should happen that any 
conical peak or sharp ridge should project through the glacier, 
and tliat the surface of the ice should be much lowered by 
melting, rings of blocks from the moraines may be left round 
such a peak, or a single block may be left upon such a ridge ; 
and these are then known as " perched blocks." 

MTiat are called " erratic blocks," or simply " erratics," 
(Fig. 13), are of another nature, and are not so commonly pro- 
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duced by gladers as by icebergs. From the mode in which 
' s are formed and transported, it follows that the blocks 



which are found in a terminal moral 
iu compositioa to the locks in the 
the moraine. If we suppose, for 



often quite different 
mmediate neighborhood of 
instance, that a glacier de- 



scends a valley the upper part of which is occupied hy granite, 
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while the lower portion is entirely compoSed of limestone, 
we should find in the tenninal moraine of such a glacier 
numerous blocks of granite which have travelled, it might 
be, many miles from their source, and which now repose 
upon limestone, there being no granite nearer than the head 
of the valley. In all ordinary cases of glaciers it is quite 
obvious that these " erratic blocks," though they may dLffer 
from the rocks immediately adjacent, must nevertheless belong 
to the valley down which the glacier moves ; or, in technical 
language, the erratics of a glacier belong to the same ^^ hydro- 
graphical basin." In some instances, however, as in the enor- 
mous extinct glaciers which formerly occupied ihe Alps, this 
ceases to be the case. In these cases, the siz^ of the glacier 
was so enormous that it was able to ignore altogether the 
ordinary lines of drainage ; and in these cases erratics may be 
found many leagues from the parent-rock, and in altogether 
di£ferent hydrographical basins. Thus, numerous and very 
large erratic blocks of granite and other crystalline rocks, origi- 
nally derived from Mont Blanc, are now found lodged on the 
limestone ridge of the Jura, at a distance of more than fifty 
miles from the parent rock, and after having crossed the great 
valley in which the Lake of Geneva is situated. In this par- 
ticular case, there is good evidence that these blocks have been 
transported by a glacier enormously larger than any at pres- 
ent found among the Alps.* As a general rule, however, 
** erratic blocks," that is, blocks of rock which are now found 
far removed from their parent-rock, have been carried, not by 
gladers, but by icebergs^ as we shall shortly see. And, when 
transported in this way, erratics may be carried many hua- 
dreds of miles from their original source — ^very much farther 
than could be effected by any glacier. 

Before passing on to consider continental ice and icebergs, 
one or two other common phenomena of glaciers may be men- 
tioned. Among these are certain caldron-like excavations in 
the solid rock, which are called " moulins." It often happens 
that a stream flows over the surface of the glacier, produced 
by the melting of portions of the snow above. If such a stream 
happen to meet with one of the great fissures or crevasses 
which intersect every glacier, it is engulfed, and has to make 
its way out below the glacier. In these cases the stream 
forms a cascade at the point where it is swallowed up, and, 

* The pre8ent^irlA<sler8 of the Alps luiTe a length of from five to twenty miles, and a thick- 
ness of from two or three hondred up to eight hundred feet The extinct glaciers of the 
Alps must have b^ from fifty to one hundred and fifty miles in length, and torn one ta 
fbyree thoosand feet in tldcknesa. 
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by the constant action of the falling stream, a deep, circular 
cavity or kettle is formed in the rock below. Partly by these 
surface-streams of a glacier, and partly by the melting of its 
lower end, there almost always proceeds from the extremity 
of every glacier a larger or smaller stream. The water of this 
stream is icy cold, and is charged with fine mud, derived from 
the glacier itself, partly from the morainic matter, and partly 
6x)m the attrition of the glacier on the rocks which form its 
bed. By these glacier-streams large quantities of fine mud 
and loam are being continually carried down and deposited 
in the lower regions. As in the case, therefore, of rivers and 
of the sea, the work of destruction is constantly accompanied 
by an exactly equivalent amount of deposition, but the two 
processes, though simultaneous and equal, go on in different 
localities. Every particle of matter worn down by a glacier, 
from the rocks over which it moves, or carried down in its 
moraines, is preserved and accumidated somewhere else ; and 
in many instances these '' glacial " formations attain a great 
thickness, and are a very marked feature in the geology of a 
country. 

CoNTiNBNTAL IcB AND IcEBEBGS. — We havc uow to Con- 
sider the phenomena presented by glaciers and continental ice 
in extremely cold districts, as in the Arctic and Antarctic re- 
gions. In Switzerland the present glaciers do not descend 
farther than to a line about thirty-five hundred feet above the 
Bca-level, or about four thousand feet below the line of per- 
petual snow. When they reach this point, they melt so rap- 
idly that their downward progress is completely stopped. In 
colder countries, however, where the line of perpetual snow 
is much lower, we have a fresh set of phenomena. If we take 
such a country as Greenland, in which the snow-line is only 
fix>m one to two thousand feet above the level of the sea, the 
cold is so great that the glaciers have not time to melt befare 
they reach the sea-level ; and they, therefore, push oflf now 
rfrom the land into the sea. For a certain distance, they 
simply grate along the bottom of the sea; but ultimately 
the water becomes too deep to allow of this, and the end 
of the glacier breaks off in great masses, which float away, 
and are then known as " icebergs." Not only is this the case, 
but the cold is so intense, and the annual snow-fall so great, 
that, in place of any single glacier or glaciers, the entire coun- 
try becomes covered with a single sheet of ice, constantly 
moving firom the interior to the sea, and constituting what is 
known as " continental ice." As described by Dr. Rink, the 
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whole of the interior of Gieenland is coTered by a gigantic 
sheet of ice, which entirely conceals all the features of the land 
beneath an icy mask, and the whole of which is constantly 
moving toward the sea. The main outlets by which the ice is 
discharged are several large fiiths which would be the outlets 
of so many rivers, if the climate were milder. Down these 
friths the ice makes its way in colossal masses several miles 
wide, and hundreds of feet in thickness. These masses con- 
tinue to push off into the sea, till the depth of several hundred 
or a thousand feet is reached, grinding along the sea-bottom 
as they go. Finally, when the water gets sufficiently deep to 
float them, enormous masses break off from the ends of these 
glaciers, and float away as icebergs. 

It ifl highly probable that the condition of Scotland and Scandinayia was 
at one time the same as we now see in Greenland. If we could get at the 
land-surface in Greenland, we should doubtless see what we now observe in 
Scotland, namely, that all the higher regions of the country are everywhere 
scored and polished like the rocks which underlie a glacier. 

Icebergs, then, are produced by glaciers or by continental 
ice, when the sea-coast is reached, and the more important 
phenomena which they present are these : Being detached by 
fracture from great glaciers, icebergs frequently carry with 
them enormous quantities of earth and great masses of rock, 
derived from the moraines. In some cases, individual icebergs 
have been calculated to have carried from fifty thousand to 
one hundred thousand tons of soil and rock. When these 
rock-laden bergs have drifted to a latitude so low that they 
melt, this burden of rock and soil is, of course, dejx)sited upon 
the floor of the ocean. In this way, an incalculable quantity 
of solid matter is annually removed from the neighborhood of 
the poles, and deposited at some point nearer the equator ; 
and m this way numbers of large angular " erratic blocks" are 
atihe present day deposited on the bed of the sea, many hun- 
dreds of miles, it may be, from their original source. 

This action of icebergs explains the constant occurrence* 
of erratic blocks in various parts of Europe and America, in 
regions where there are now no glaciers, and at distances from 
the parent-rock too great to allow us to suppose that they 
could have been transported by glaciers. By the putting to- 
gether of a. number of facts of this kind, it has been demon- 
strated that a large portion of Europe and America has at a 
recent geological period been (submerged beneath the waters 
of an icy sea, carrying numerous icebergs laden with rock and 
earth. 
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In many cases, owing to the set of oceanic currents, or the 
prevalence of particular winds, the great majority of the ice- 
bergs derived from any special region may be drifted in one 
given direction. In this way, trains of erratic blocks and 
masses of unstratified matter may be produced or accumulated 
along particular lines. 

It only remains to add, that the size of many icebergs is 
most enormous. Many have been carefully measured, which 
were from one to two hundred feet above water, and from two 
to five miles in length. As the specific gravity of ice is such 
that only one-tenth of a mass of it can appear above, water, 
the real height of these stupendous bergs must have been 
from one to two thousand feet. It need not be said that the 
momentiun of such a floating mass must be exceedingly "gre&U 

Feost. — ^Before leaving this subject, it may be mentioned 
that considerable denuding power is exercised on a small scale 
by frost alone. The freezing of the water which penetrates 
the interstices and fissures of rocks is accompanied with an 
irresistible expansion, by which almost all rock-masses suffer 
more or less waste during the course of every winter. ' The 
result of this action is to detach larger or smaller fragments 
bodily, and to render the whole mass more liable to the attacks 
of other denuding agencies. 



CHAPTER V. 

ACnOir OF THE ATMOSPHEBB AND OF UVTBTG BEINGS UFOK 

THE EABTH. 

"Weatherino. — ^The last denuding agent which requires 
notice is the atmosphere, with its contained gases and moist- 
ure ; and the effects of this may be either chemical or mechani- 
cal. The chemical actions of the atmosphere upon rocks may 
all be considered under the head of " weathering." It is well 
known that no rock-surface can be exposed for a sufficient 
length of time to the action of the atmosphere without under* 
going a certain amount either of actual disintegration or of 
chemical change. The effects produced vary with the^ ingre- 
dients contained in the atmosphere, and also with the nature 
of the rock itself. Many rocks yield much more, rapidly than 
others, those yielding most quickly which contain any ele- 
ment which is soluble in carbonic acid dissolved in water. 
Thus, limestone may be almost invariably recognized in the 
field by the fact that its exposed surface is generally fretted 
and worn into cavities and hollows ; this being due partly to 
the action of rain-water holding carbonic acid in solution, and 
partly to the atmosphere alone when sufficiently moist. Again, 
all rocks which contain soluble silicates, such as granitic and 
trappean rocks, yield more or less to the action of the air. In 
these cases the carbonic acid of the atmosphere, though a 
weak acid, replaces part of the silicic acid of the silicate, and 
converts it into a soluble carbonate. Hence, in almost all 
basalts and trap-rocks the weathered surface will effervesce 
upon the addition of a mineral acid. Rocks, composed of pure 
silica, such as sandstones, are almost indestructible by the 
atmosphere, if they are sufficiently coherent and compact. In 
all cases, however, the chief chemical effect of the atmosphere 
is to render the surfsEu^ of rocks, where exposed, more porous, 
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and thus to pave the way for the more effective attacks of 
water in all its forms. 

Mechanical Action of the Atmosphebe. — ^Winds in 
some cases cause considerable modifications of the earth's sur- 
face, by transporting loose and incoherent sands from one 
place and accumulating them in another. Such *' sub-aSrial " 
deposits are the sand-dunes of parts of the coasts of Britain, 
France, and North America. They are wholly, the result of 
the action of the wind upon the loose sand of the sea-shore, 
and they have the form of low mounds of sand generally ar- 
ranged in irregular layers. In some cases, they gain consider- 
ably upon the land and do much damage. In all extensive 
deserts, also, similar hills are formed by the drifting together 
of the sands by the wind, and the surface is constantly under- 
going modification from this cause. 

Organic Agencies. — ^The denuding or destructive effects 
of living beings upon the earth's surface are comparatively so 
insignificant that they may be passed over altogether ; but 
much material may be added to the earth's crust by the agency 
of living beings, and this subject requires a brief notice. 

Accumulatio7is of VegetaMe Matter. — ^The incessant growth 
and deftay of vegetables are constantly adding to the surface 
fresh matter in the form of vegetable soil or " humus." The 
thickness of this varies with the luxuriance of the vegetation 
in any particular locality, being greatest in tropical regions, 
and smallest in rainless districts. Vast accumulations of drift- 
wood are formed in various rivers, the upper waters of which 
pass through heavily-timbered 'regions ; and vast masses of 
decaying vegetable matter are often accumulated in extensive 
swamps. In temperate zones, these last chiefly assume the 
form of *'peat," which is mainly formed by the growth of 
mosses of the genus Sphagnum. Peat may accumulate to a 
great thickness, and it sometimes becomes an imperfect coaL 
We shall afterward see that " coal" owes its origin to the ac- 
cumulation of vegetable matter in immense swamps. 

Action of Anitndla. — As regards the action of animals, 
there are only three points which require notice: 1. SheU- 
beds may be formed by the growth and accumulation of such 
shells as oysters and mussels. Such beds attain a consider- 
able thickness in some cases, and it can be shown that various 
shelly beds have been formed in a similar manner at various 
periods of the earth's history. 2. It has been shown that at 
the bottom of the deep Atlantic there is now forming a deposit 
of a whitgmud which is known as ooze, and which is composed 
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almost entirely of the minute calcareous shells of certain mi- 
nute animalcules, known as Foraminifera. We shall after- 
ward see that chalk has had a very similar origin, and that 
the shells of these same animals also enter largely into the 
composition of other less important rocks. 3. The structures 
known as "corals" are the skeletons of certain "zoophytes" 
allied to the sea-anemones, so common on every coast. Corals 
are composed of carbonate of lime, and, like the animal which 
produces them, they may be simple or compoimd ; in other 
words, a coral may be the work of a single " polype," or it 
may be composed of the common skeleton secreted by a num- 
ber of polypes united together, and forming a colony. The 
*^ simple" corals, though sometimes of large size, do not form 
accumulations of any note. The "compound" corals, how- 
ever, form, under favorable conditions, enormous masses which 
are known as " coral-reefs," and which are a marked feature 
in many oceans, such as the Pacific and Indian Oceans. It 
will afterward be shown th^t many of the limestones which 
have been formed at various periods in the earth's history, 
owe their origin to the action of coral-pol3rpes. They are 
either actually old coral-reefs, or they are composed of accu- 
mulations of fragments of coral, broken down into sand, and 
afterward compacted together by the action of water holding 
carbonic acid in solution. 

When it is understood that compound corals, such as we have been 
speaking of, are produced by the combined efforts of a number of polypes^ 
essentially the same in structure as our ordinary sea-anemones, it is readily 
intelligible that under favorable circumstances large masses of coral may be 
produced in this way. Wheir these masses attain such a size as to be of 
geographical importance, they are spoken of as " coral-reefs," and the phe- 
nomena exhibited by these are of such interest as to demand some notice. 
The coral-producing polypes require for their existence that the average tem- 
perature of the sea shall not be less during winter than 66 degrees ; and, as 
our seas are considerably colder than this, we have no coral-reefs. Reefs, 
however, abound in all the seas not far removed from the equator, being 
found chiefly on the east coast of Africa and the shores of Madagascar, in the 
Red Sea and Persian Gulf, throughout the Indian Ocean and the whole of the 
Pacific Archipelago, around the West-Indian Islands, and on the coast of 
Florida. The headquarters, however, of the reef-building corals may be said 
to be around the islands and continents of the Pacific Ocean, where they often 
form masses of coral many hundreds of miles in length. According to Darwin, 
coral-reefs may be divided into three principal forms, viz., Fringing-reefs, 
Barrier-reefs, and Atolls, distinguished by the following characters : 

1. FHnghig-reefs (Fig. 14, 1). — These are reefs, usually of a moderate 
size, which may either surround islands or skirt the shores of continents. 
These shore-reefs are not separated from the land by any very deep channel, 
and the sea on their outward margins Is not of any great depth. 
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2. Barrier-reefs {Fig, 14, 2). — ^These, like the preceding, may either encir- 
cle islands or skirt continents. They are distinguished from fringing-reefs by 
the fact that they usually occur at much greater distances from the land, that 
there intervenes a channel of deep water between them and the shore, and 
soundings taken close to their seaward margin indicate great depths. 











Pio. 14.— Stroctore of Ckyral-reeft.— 1, Fringfng-reef; 2, Barrier-reef ; 8, Atoll; a, Sea-level; 
&, Coral-reef; c, Primitive land; <Z, P^on of sea withia the reel; formiDg a channel or 
lagoon. 



As an example of this class of reefs may be taken the great barrier-reef 
on the north-east coast of Australia, the structure of which is on a gigantic 
scale. This reef runs, with a few trifling interruptions, for a distance of 
more than a thousand miles, with an average breadth of thirty miles, and an 
area of thirty-three thousand square miles. Its average distance from the 
shore is between twenty and thirty miles, the depth of the inner channel is 
from ten to sixty fathoms, and the sea outside is ^* profoundly deep " (in 
some places over eighteen hundred feet). 

8. AtolU (Fig. 14, 8). — ^These are oval or circular reefs of coral enclosing 
a central expanse of water or lagoon. They seldom form complete rings, the 
reef being usually breached by one or more openings. They agree in all par- 
ticulars with those barrier-reefs which surround islands, except that there is 
no central island in the lagoon which they enclose. 

Beyond a depth of one hundred feet below the level of the lowest tides, 
no portion of a coral-reef is formed of growing and living corals, but is en- 
tirely composed of dead coral or " coral-reef-rock," which is a white lime- 
stone composed of corals and shells. According to Dana, the chief kinds 
of coraUrock are, 1. A fine-grained, compact limestone, with hardly a trace 
of a coral or shell ; 2. A rock equally hai^ and compact, but with embedded 
corals and shelly ; 8. A conglomerate of broken corals and shells ; 4. A rock 
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composed of corals standing as they grew, the interspaces between them 
filled up with pounded coral, shells, and fragments. 

Bbabing op the Facts of Physical Geography on 
Geological Doctrine. — ^Having now considered the chief 
agencies which we see at work upon the globe at the pre'sent 
day, a few words may be said as to the bearing of these facts 
upon geological doctrine. There were formerly, and are still, 
two great schools of geological thought, the members of which 
are known as " Catastrophists " and " Uniformitarians.'' The 
Cata8trophist8 explained all geological phenomena upon the 
belief that the forces which we see at present at work upon 
the globe formerly acted with much greater intensity than 
they do now, and produced, therefore, much more striking 
eflfects within the same period of time. They believed that 
great catastrophes and convulsions were part x)f the order of 
Nature. To explain geological phenomena, they called in the 
agency of intense volcanic activity, gigantic rivers rushing 
over the land, terrific convulsions of the crust of the earth 
causing elevation or depression of the land to the extent of 
hundreds or thousands of feet, enormous earthquake-waves 
ravaging whole continents, and other exaggerated physical 
agencies. 

The Uniformitarians^ headed by Sir Charles Lyell — ^the 
most thoughtful and philosophical of living geologists — sup-, 
port, on the other hand, the belief that at no period in the 
earth's history were the physical forces of the globe more ac- 
tive than we see them at present. They hold that all geologi- 
cal phenomena — on however gigantic a scale — can be explained 
by the action of the same forces which now affect the globe, 
working with just the same force as we see now, but acting 
through longer periods of time. The Uniformitarians, in fact, 
hold as their fundamental doctrine " the adequacy of existing 
causes," as it has been called. They believe that at no period 
of which we have geological evidence were any physical forces 
in existence different either in kind or in amount to those of 
which we have now cognizance. As a matter of course, if we 
assume " the adequacy of existing causes" in the production 
of all known geological phenomena, we must at the same time 
demand a vastly-extended period of geological time, A small 
force may produce the same effect as a great force, but it will 
require a much longer time proportionately to do it in. 

Uniformitarianism is the basis of modem geology, and 
hence the importance of comprehending the leading facts of 
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physical geography before grappling with the problems of 
geology. It must be remembered, however, that, as in so 
many other cases of conflicting doctrines, there is some truth 
on both sides. In the main, doubtless, Uniformitarianism is 
the true key to the explanation of geological phenomena. 
Still, Oatastrophism is not wholly false ; since unquestionably 
there must have been times, in the earth's history, in which 
known forces acted with greater intensity than at present, and 
possibly there were even forces at work which we do not 
recognize now. Thus, the hypothesis that the earth is a slowly- 
cooling globe certainly implies that the forces of fire were at 
one time much more active and energetic than they are now. 
Whether this has been the case to any marked extent within 
the time of which we have geological record, is* a matter for 
argument; but, that it has been so once, is almost certain. 



PART n. 

GEOLOGY. 



CHAPTER VI. 

Definition op Geology. — Geology, in a limited sense, 
is concerned with the investigation of the materials which 
compose the earth, and the manner in which these are arranged. 
Strictly speaking, this would lead us into an investigation of 
the earth's interior ; and there are many geological phenomena 
which can only be explained by sotoe theory as to the con- 
dition of the interior of the globe. Grounds, however, have 
already been given for the general belief that the earth con- 
sists of a cool envelope or " crust," surroimding a highly- 
heated interior. 

SuCCBSSrVE FOBMATION OF THE CbFST OF TH?! EaBTH. — 

At present we have only to do with the crust of the earth ^ 
that is to say, with that comparatively " small portion of the ex- 
terior of our planet which is accessible to human observation, 
or on which we are enabled to reason by observations made at 
or near the surface " (Lyell). In various ways we are enabled 
to form some judgment of the composition of an external shell 
of the earth, to the depth of, perhaps, ten miles, or -^^ of the 
distance £rom the earth's surface to its centre ; and this is all 
that is meant by the " crust of the earth." It is quite conr 
ceivable that the whole crust of the earth might be composed 
of a single substance, say sandstone ; but every one knows 
that this is not the case, and that, really, different materials 
occur in different places ; here sandstone, there granite, here 
chalk, there coal, and so on. It is also conceivable that these 
different materials should all have been created exactly in the 
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same place and exactly in the same condition as we now find 
tbenL This, however, also is far from being the case. A 
very limited knowledge of geology shows us that the mate- 
rials which now compose the crust of the earth have acquired 
their present position and condition slowly and under differing 
circumstances, and that they v^ere formed at successive periods. 
During each of these successive periods, successive races of 
animals and plants inhabited the earth, and remains of these, 
in greater or less plenty, are preserved in the rocks of each 
period, constituting what are known as ^' fossils.'' 

Definition of the Teem "Rock." — ^The crust of the 
earth, then, consists of various different materials, produced 
at different successive periods, occupying certain definite 
spaces, and not confusedly mixed together, but exhibiting, on 
the contrary, a definite order of arrangement. All these ma- 
terials, however different in appearance, texture, or compo- 
sition, are called " rocks " by the geologist. Technically, 
therefore, the term " rock " is to be understood as applying 
to aU the materials composing the crust of the earth. In the 
language of geology, the finest mud, or the loosest sand or 
gravel, is just as much rocky as is the hardest and most com- 
pact granite. 

CiiASSiFiCATiON OF RocKS. — ^AU the rodifl which compose 
the crust of the earth may be classed under one or other of 
four great divisions, known as the AqtAeous^ VolcaniCy Phi- 
toniCy and Metamorphio Mocks ; and each of these requires 
special consideration. 

L Aqueous Rocks. — ^These are often spoken of as the 
Sedimentary or FossUiferous rocks, and they constitute by 
£ar the greater part of the crust of the earth. They are dis- 
tinguished from the other rocks by two fjacts : Firstly, all aque- 
ous rocks are stratified ; that is to say, they are composed of 
a number of different layers or strata (Fig. 15). These layers 
may consist of a single material, as of sandstone, limestone, 
or the like, or they may consist of different materials. In all 
cases, if we extend our examination of the aqueous rocks 
sufficiently far, we find that they are not only composed of 
successive layers, but that one set of beds or strata of one kind 
follows another set of beds of another kind. Beds of sand- 
stone alternate with beds of limestone, succeeded by beds of 
shale, and- so on. There is, therefore, a succession of the beds 
of aqueous rock, but the succession is not a uniform and con- 
stant one ; nor are the beds of one kind referable to one pe- 
riod of the earth's history, and the beds of another kind to 
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another. On the contrary, beds of ctU the known kinds of 
aqueous rocks have been formed during each great geological 
period. 

Whether composed of a single substance, or of many such 
alternating with one another, a stratified rock may be com- 
posed of layers of different degrees of thickness, varying from 
the thickness of writing*paper up to many feet. In some 
cases, especially in some sandstones and conglomerates, the 
strata are of such thickness that when a small piece alone is 
examined, it is. impossible to make out the nature of ihe rock, 
and the stratification is only visible on a large scale. In most 
stratified rocks there is a double composition out of distinct 
layers. In the first place, the rock is divided into a series of 
tolerably thick layers, which separate readily from one another, 
since, in fact, their surfaces are not actually continuous. These 
layers are the true stratci. In the second place, each strcOum 
is generally composed of a greater or less number of minor 
layers, of different grain or color, and which do not readily 
separate from one another* At the same time, if force be ap- 
plied to the rock, it will split more readily along the line of 
these layers than along any other line. These layers are 
usually spoken of as the lamince ofd^osition, or simply as 
the lamince of an aqueous rock. 

As regards the origin of the stratified rocks, we are able 
to infer that the materials which compose them have formerly 
been strewed <yut by the action of water, from what we see on 
a smaller or larger scale wherever there is water in motion. As 
we have seen, every stream, where it runs into a lake or into the 
sea, carries with it a burden of mud, sand, or rounded pebbles, 
derived from the waste of the rocks which form its bed and 
banks. When these materials cease to be impelled by the 
force of the moving water, they sink to the bottom, the heavi- 
est pebbles, of course, first, the sand and finer pebbles next, 
and the finest mud last. Ultimately, therefore, there is formed 
in every lake a series of stratified rocks, produced by the 
streams which flow into the lake. We might have inferred 
that this would be so, without actually knowing it to be the 
case ; but, when a lake is drained, and we can examine its floor, 
we actuallv find such a succession of stratified deposits. These 
may vary in different parts of the lake according as one stream 
brought down one kind of material, and another stream con- 
tributed a different kind ; but in all cases the materials will 
bear ample evidence that they were produced and deposited 
by running water. The finer beds, of clay or sand, will all be 
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itrrsnged in thicker or thinner layers, or " i&niinse," and will 
be more or less regularly " stratified." If there are beds of 
gravel, the pebbles of these will be rotmded and smooth, as 
are the pebbles in any brook-course. And, in all probability, 
we Bhould find in some of the beds the remains of fresh-water 
shells or plants, or. of other oi^nisms which inhabited the 
lake or its banks, at the time when these beds were in pro- 
cess of formation. 

As we have seen, also, most lai^ rivers deposit much of 
the materials whi(^ they bring down, at their mouths, forming 
" deltas." When such a delta is cut through, either naturally 
or artificially, we €nd that it is composed of a succession of 
horizontal layers of sand (a mud, varying in mineral compo- 
sition, in color, or in grain, according to tiie nature of the ma- 
terials brought down by the river at different periods. In 
other oases, no delta is formed, but all the materials carried 
down by the river are hurried out to sea, to be finally depos- 
ited in alternating beds in some distant and tranquil portion 
of the ocean. Lastly, the sea itself is constantly preparing 
firesh stratified deposits by its own action, irrespective of the 
materials incessantly delivered over to it by rivers. As already 
explained, the sea upon every coast is constantly wearing back 
into the land, and breaking up its component rocks to form the 
shingle and sand which we meet wifii on every shore. The 
materials thus obtained are not lost, but are finally laid down 
somewhere in the form of £reBh acciunulatjons of rock. 



Fis. 15.— Secttm of itntUtd roclu (after Bit Hsnry Da la Beeli«> 

Whenever, then, we find anywhere inland any series of 
rocks having these characters — composed, that is, of distinct 
layers, the particles of which, whether large or small, show 
distinct traces of the wearing action of water — we are justified 
in assuming that they have been laid down by water at some 
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former period in the way described. Either they were laid 
down in some ancient lake, by the combined action of the riv- 
ers which flowed into it, or they were deposited at the mouth 
of some ancient river, forming its delta, or they were accumu- 
lated at the bottom of the ocean. In the first two cases, any 
remains of animals or plants which the beds might contain 
would be the remains of such as inhabit fresh water, or live 
upon the land. In the third case, any organic remains present 
would be in great part or entirely those of marine animals. 

The fundamental and essential character of all aqueous 
rocks, then, is that they must be stratijiedj or arranged in dis- 
tinct layers (Fig. 15). In the second place, however, the gr^at 
majority of aqueous rocks show their origin quite as conclu- 
sively by the fact that they contain fossils. By the term 
" fossil " is understood " any body, or the traces of the exist- 
ence of any body, whether animal or vegetable, which has been 
buried in the earth by natural causes " (Lyell). It is true 
that there are many individual beds in any stratified formation, 
or in some cases a whole series of beds, perhaps to the thick- 
ness of thousands of feet, in which no fossils of any kind can 
be detected. In these cases, however, evidence can always be 
obtained otherwise that these " unfossiliferous " beds were 
formed by aqueous agency, and they can almost always be 
shown to be harmoniously related to other beds which are 
" fossiliferous," or contain fossils. The nature and character 
of the fossils in any given stratum or group of strata will 
always afford accurate evidence as to the mode of its deposi- 
tion* If the beds contain the remains of animals similar to 
those which now live in the ocean, we know that they were 
deposited at the bottom of the sea. If .the fossils are those of 
animals and plants such as now inhabit fresh water, we know 
that the beds are " fluviatile " or "lacustrine ; " that they were 
laid down in some river or in a lake. 

The term " formation " is employed by geologists to des- 
ignate groups of rocks which have been laid down during one 
period, which have a common origin, or which have some 
common character as regards their composition. Thus we 
may speak of stratified and unstratified formations, aqueous 
and igneous formations, fresh-water and marine formations, 
fossiliferous and unfossiliferous formations, secondary and ter- 
tiary formations, and so on. 

The two tests, then, of any given rock having an aqueous 
origin, are firstly ^ that it must be stratified or disposed in dis- 
tinct layers ; and, secondly^ that it may contain fossils, or, if it 
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does not, that it will be Harmoniouslj related to beds that 
do contain fossils. There are two cases, however, in which 
both these requirements are fulfilled, and the rock is neverthe- 
less nbt aqueous in its origin, nor in its mode of formation. 
In one case we may have stratified deposits formed by the 
ashes emitted from a volcanic vent, and simply falling on the 
surface of the land ; and these may contain the remains of 
animals or plants, imbedded in them as they fell. Or, these 
ashes may ^11 into a lake or into the sea, and jnay become very 
regularly laminated ; but in this case the beds become aque- 
ous as to their actual mode of deposition, though as to their 
origin they are volcanic. Secondly, stratified accumulations 
of drift-sand may be heaped up along a sea-coast or in a 
sandy desert, by the action of the wind alone ; and these also 
may sometimes preserve in their interior the remains of 
animals or plants. Both the cases here alluded to are rare, 
and both are tolerably easy of reference to their true causes. 

II. Volcanic Rocks. — ^The second great class of rocks is 
that of the volcanic rocks, comprising all those rocks which 
we have reason to believe have been formed by the action of 
subterranean heat, in the same way as we now see in our vol- 
canoes, whether these be upon the surface of the land or 
beneath the sea. The volcanic rocks, as a general rule, are 
devoid of fossils, and are mostly unstratified ; but cases occur, 
as remarked above, in wMch they are more or less perfectly 
stratified, and coatain imbedded organio remains. Thesl, 
however, are exceptions and do not invalidate the general 
statement Under the head of " Volcanic Rocks," are included 
all those rocks which form the cones of existing volcanoes, or 
have proceeded from them, or which are in direct connection 
with hills which Kjan be shown to have been formerly volca- 
noes, though now exhibiting no signs of volcanic activity. 
Under this head, also, comes, a vast series of rocks which can- 
not now be shown to be directly connected with any vol- 
canic vent, though we can certainly infer from their characters 
that Viey were so connected at some former period. The 
rocks alluded to are spoken of as the IVappean JRocks^ and 
they occupy large areas in almost etery country in the world. 
As just said, it is impossible now to point to the original cones 
and craters from Vhich these " trappean rocks " have proceed- 
ed ; but their characters enable us to assert positively that 
they were produced essentially in the same 'way as we see 
similar rocks produced at the present day by existing vol- 
canoes. 
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Thus, the trappean rocks consist of beds of solid " trap- 
rock," identical in mineral composition, in structure, and in 
all essential characters, with the lava-flows of any modern vol- 
cano ; or exhibiting only such di£ferences as can readily be ex- 
plained. Associated with the beds of solid trap are other 
beds of " trappean ashes " exactly similar to the ashes and 
cinders showered forth by recent vents. We further find 
that the beds of trap-rock have baked and burnt the other 
rocks with which they have come in contact, just as a current 
of lava would do. Lastly, we often find that these trap-rocks 
cut through other formations, forming dikeSy which alter the 
rocks on both sides of'them ; just as do the lava-dikes formed 
at the present day by the injection of molten matter from 
volcanoes into fissures in the crust of the earth (Fig. 16). 

There can, therefore, be no doubt as to the substantial 
identity of the " trappean rocks " with the products of recent 
volcanoes ; and it is sufficient to remark here that the absence 
of cones and craters in connection with the former is readily 
explained. In the first place, all the regioiis which now ex- 
hibit trap-rocks have been subjected to enormous denudation ; 
and the surface which we now see is in no way the original 
surface of the ground at the time when the rocks in question 
were formed. Secondly, there is abundant evidence to show 
that most trappean rocks were formed by mlHfnarine vol- 
canoes, and were, therefore, emitted from openings in the bed 
of the ocean, and not from chasms in the dry land. It is only 
in the case of sub-a^ial volcanoes, as a general rule at any 
rate, that any cone is formed at all ; and if such a cone were 
formed by a sub-marine volcano, it would certainly be rapidly 
destroyed on the cessation of the volcanic action by the de- 
nuding power of the waves of the sea. 

IIL Plutonic or Gbanitic Rocks. — ^The two classes of 
rocks which we have been previously ' considering are un- 
questionably natural groups, and we can point to two similar 
classes of rocks in process of formation at the present day, by 
agencies which we know and can observe. The remaining 
two classes of rocks diflTer altogether from any thing which we 
can see actually in process of formation now. For this reason 
they are more or less artificial divisions, and any theories as 
to their esact origin and mode of productioA are more or less 
open to question. 

The plutonic or granitic rocks agree with the solid traps 
and with the modem lavas in being unstratified and in con- 
taining no fossils; while they differ from both of these in 
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their highly crystalline texture. It is well known that, when 
crystals are formed from melted matter, the size of the crystals 
depends mainly upon the rapidity with which the mass is allowed 
to cool ; the largest crystals being formed when the cooling 
takes place most slowly. If a piece of ordinary basalt or whin- 
stone be melted, we obtain a fused mass, all the particles of 
which are free to move upon one anothier, and are, therefore, 
free to assume a crystalline form, if allow^ to do so. If such 
a melted mass be. cooled with great rapidity, as by expoding 
a portion of it to the air, or pouring it into water, it will 
solidify into an actual glass^ exhibiting no distinct crystals. 
If allowed to cool with moderate slowness, the rock will be 
more or less nearly reconverted into its original condition, 
that of an uncrystallized paste haying exceedingly minute 
crystals imbedded in it. The longer, however, the process of 
cooling can be protracted,»the larger will be the Crystals ; and, 
if we could lengthen the cooling sufficiently, the whole mass 
would become crystalline. These unquestionable facts supply 
us with the chief positive elements which we have in deter- 
mining the origin of granite and the other plutonic rocks. 
We know that the materials which compose granite hav^ at 
one time been more or less perfectly fused or semi-fused ; as 
shown by the unstratified nature of masses of granite, by their 
breaking^hrough the, stratifiea rocks and sending ^ein^s into 
them, and by their baking and otherwise altering the rocks with 
which they come in contact. We know, moreover, that while 
the particles of granite must have been once free to move upon 
one another in consequence of partial or complete fusion, the 
■process of cooling must have been, one of extreme slowness. 
This is shown by the fact that granite and its allies invariably 
consist of numerous crystals of different substances confusedly 
imbedded in an uncrystallized paste or matrix. Not only so, 
but, in any large granitic mass, a specimen taken from near its 
centra, where the cooling was most protracted, will be more 
coarsely and largely crystallized than one taken from the cir- 
cumference of the mass, where the cooling was most rapid; 
while a specimen taken from close to where the granite 
comes into contact with the neighboring rocks will have 
cooled so rapidly that it is quite fine-grained and hardly exhibits 
crystals at all, or only very small ones. Lastly, we know that 
the granitic rocks are rarely or never found resting upon other 
rocks, as if they had overflowed them ; whereas'the volcanic 
rocks are constantly found in this position. For this reason, 
though granites often pierce other formations, the granitic 
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rocks have been not unaptly termed the " underlying rocks," 
while the volcanic rocks are termed the " overlying rocks." 

The chief positive facts, then, that we know about the 
granitic rocks, are these: 1. Granitic rocks underlie other 
formations, and, though they pierce them, they do not overflow 
them, 2. The materials of the granitic rocks have certainly 
been fused or semi-fused. Besides the proofs already men- 
tioned, this fact is further shown by the occurrence in the crys- 
tals of granite of microscopically small cavities filled with gas 
or half filled ^ith water. This last fact shows that, though 
granite has been fused, the temperature at the time of fusion 
could not have been very high, or else the fusion took place 
under enormous pressure; for it shows that the melted 
granite must have been permeated by steam. 3. Granitic 
rocks must have cooled ^ with exceeding slowness, as their 
component crystals are often of very large size. 

From these and similar facts the following general con- 
clusions appear to be deducible : 

Firstly, All granitic rocks have not had a similar origin, 
but there are probably two classes of granites, of which one 
baa been formed mainly by igneous action, while the other 
has been produced by an alteration of previously-existing 
rocks, so that it would more properly come under the head of 
metamorphic rocks. 

Secondly. The granitic rocks of either class have been 
formed by the agency of heat acting under great pressure, 
and probably in conjunction with watery vapor or steam. 
The granitic rocks, therefore, have their origin at great depth 
below the surface of the earth ; hence their character of being 
*' underlying rocks." 

IV. MsTAMOBPHic Rocks. — ^The metamorphic, or strati- 
fied crystalline rocks, or crystalline schists, as they are some- 
times called, include a number of rocks, of whicn the best 
known are gneiss, mica-schist, roofing-slate, and statuary mar- 
ble. All these show certain points of afl&nity to the granitic 
rocks ; and there are strong reasons for believing many of the 
granitic rocks owe their origin to a further continuance of the 
same process as that by which the metamorphic rocks are pro- 
duced. 

The metamorphic rocks agree with the granitic rocks in 
possessing a more or less completely developed crystalline 
texture. This is shown most markedly in such metamorphic 
rocks as gneiss and mica-schist, less so in statuary marble, 
and not at all, or only in a modified form, in roofirig-slate, 
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wlricli last, indeed, can only occasionally be properly classed 
with this group. On the other hand, the metamorphic rocks 
differ from the granitic rocks in always exhibiting a more or 
less distinctly stratified arrangement. This is not so much 
seen in the capability of beiiig spht into separate laminse, a 
capability which may be present or may not, and which may 
or may not be coincident with the original stratification ; but 
it is seen rather in the fact that they are divided into beds 
which correspond in form and arrangement to the different 
beds of the ordinary sedimentary formations. Thus, gneiss, 
quartzites, mica-schist, roofing-slate, and statuary marble, may 
and do alternate with one another in regular beds, just as sand- 
stones, clays, and limestones, succeed one another in the un- 
altered aqueous rocks. There is every reason, therefore, in 
speaking of the metamorphic rocks as stratified rocks. The 
metamorphic rocks, however, differ from the ordinary aqueous 
rocks, not only in their crystalline texture, but also in con- 
taining few or no fossils, and in rarely splitting along the 
original layers or laminse of deposition. Further, it very gen- 
erally happens that the action which forms metamorphic rocks 
develops in the rock new minerals which are not to be found 
in the original rocks of which metamorphic strata are merely 
an altered form. 

This leads us to speak of the origin of the metamorphic 
rocks. As implied by the name " metamorphic " (Gr. meta^ in- 
dicating change; morphej form), it is believed that this group 
of rocks owes its origin to the alteration and metamorphosis 
of ordinary aqueous rocks. Metamorphic rocks are not produced 
as such in the first place, but they become so at some period 
subsequent to their original deposition. It is believed, name- 
ly, that metamorphic rocks are produced by the long-continued 
action of subterranean heat, probably in conjunction with 
moisture, upon ordinary stratified formations, at some period 
posterior to their deposition. In all probability this meta- 
morphic action has taken place at great depths beneath the 
surface of the earth and under an enormous pressure of super- 
incumbent rock ; and its result has been to give a totally new 
texture, often with a different structure and sometimes with a 
different mineral composition, to the strata thus affected. 

It follows from this theory of their origin, that metamor- 
phic rocks need not necessarily be of any particular age. Any 
rock of any age may be converted into a metamorphic rock, 
if only subjected to the necessary conditions ; and, as a matter 
of fact, it is now known that metamorphic rocks occur which 
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are referable to all the great geological periods. In the same 
way and for the same reason, it is known now that granites 
are of all ages. It was formerly believed that the granitic 
rocks had been formed at the earliest period of the earth's 
history, that they were anterior to the formation of all the 
sedimentary rocks, and that no granites had been produced 
after the deposition of the aqueous rocks had once' commenced. 
On the contrary, we now know that granitic rocks have been 
formed in all the great epochs of the earth's history; and this 
renders still more probable the view that most granitic rocks 
are only a farther stage of the metamorphic rocks, and that 
both owe their origin to the same agency. 

The only action which we see at the present day at all com- 
parable to what we believe has occurred in the metamorphic 
rocks, is the group of phenomena which we can observe where 
masses of melted rock have come into contact with other rocks 
belonging to the stratified or aqueous series. In this case, 
we find the igneous and once molten mass surrounded by a 
broader or narrower zone of altered rock, metamorphosed by 
the heat of its intrusive neighbor. Thus, chalk or limestone 
near its junction with a mass of trap may be converted into 
hard white statuary marble, slate may be changed into mica- 
schist, and sandstones may become quartzites. There is reason 
to suppose that the metamorphic rocks have been produced in 
a manner analogous to this ; but in their case it is certain that 
the action must have been produced by some cause very much 
more general in its operation, and probably at great depths 
below the surface, since whole mountain-masses have been 
affected in this way over areas of many himdreds of square 
miles. 

It is quite clear that the granitic and metamorphic rocks 
have much in common ; and it is often convenient to sp>eak of 
the two by some common name. Formerly it was supposed 
that all the granitic and metamorphic rocks had been first 
produced, and that then the aqueous and volcanic rocks had 
been formed; and upon this view the name of "Primitive 
Rocks" was applied to the two former classes. Now, we 
know that all the four classes of rocks have been produced in 
successive portions and at successive periods. They have all 
been produced contemporaneously, and may even now be in 
process of formation on a large scale. The name of " Primi- 
tive Rocks " must therefore be abandoned ; and the best sub- 
stitute is the term " Hjrpogene Rocks," or netJier^formed rocks 
(Gr. hupOy below ; gennao^ I produce). This term was sug»- 
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gested by Sir Charles Lyell upon the certainty that none of 
the granitic and metamorphic rocks had assumed their present 
form and structure at the surface of the earth. They are not 
by any means necessarily the lowest rocks, or the oldest in 
point of time ; but, in any given area in which they occur, 
they are always, without exception, hdow aU the rocks with 
which they come in contact. Tl\ey are always " underlying 
rocks." They never repose upon any of the volcanic or un- 
altered fossiliferous rocks ; and are, therefore, always under all 
the other rocks o/ any particular region in which they occur. 
For these reasons, the name of **Hypogene Rocks" may 
sometimes be advantageously employed as a common term 
to designate the metamorphic and granitic rocks. 



CEEAPTER Vn. 

AQUEOUS BOCKS. 

It is now necessary to speak of each of the four great 
classes of rocks in greater detail, commencing with the aque- 
ous rocks. The aqueous or sedimentary rocks may be prima- 
rily divided into the two great groups of the mechanically- 
formed rocks, and the chemically-formed rocks, the latter 
including all those focks which owe their origin to the action 
of living beings. 

I. Mechanicallt-eobmed Bocks. — These are all those 
aqueous rocks of which we can attain proof that their parti- 
cles have been mechanically transported to their present 
situation. Thus, if we take a piece of "conglomerate" or 
pudding-stone, we find it to be composed of a number of 
rounded pebbles imbedded in a fine paste or matrix. These 
pebbles have been manifestly subjected to much mechanical 
attrition or rubbing down, and they must have been carried a 
long way, and much tossed about, before they were finally 
deposited where we now see them. In the case of a sand- 
stone the component grains of sand are equally the result of 
mechanical attrition, and have been equally transported from 
a distance. In the conglomerate we can often point to the 
exact place from which the pebbles have been brought; in 
the sandstone we can rarely say whence the individual grains 
have been derived, but their mechanical origin is still obvious. 
In the case of still finer rocks, such as shale, the particles of 
the rock have been so far worn down that their source is quite 
irrecognizable ; but a microscopical examination would still 
show us that the component grains were all rounded and 
water-worn. 

Mechanically-formed rocks, then, are such as can be proved 
to have been aerived from the wear and tear of other pre- 
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existent rocks ; hence they are often spoken of as Dejrivative 
rocks. Every bed, therefore, of every mechanically-formed 
rock is an exact equivalent for a corresponding amount of 
destruction of some older rock. Mechanically-formed rocks 
may be divided into the two groups of the Arenaceous and the 
Argillaceous Rocks. 

a. The Arenaceous (Lat. arena^ sand) or Siliceous rocks are 
those which are mainly or entirely composed of larger or 
smaller particles or grains of flint or sUex. The chief varieties 
of this group are sands and sandstones, grits, and conglomer* 
ates. Sands and sandstones vary almost indefinitely in cohe- 
rence, colors, and grain, but they all consist of grains of flint 
or silica, of different sizeSi The hardest sandstone, when first 
deposited, was as incoherent as the sand of the sea-shore. 
The conversion of sand into sandstone may be effected by 
pressure alone; more usually, however, the grains of sand- 
stone are made to cohere by the percolation, through the 
whole mass, of water holding in solution some substance 
capable of acting as a cement, such as some soluble silicate, 
carbonate of lime, or, very commonly, an oxide of iron. If 
the cementing substance be some salt of iron, the sandstone 
will be colored with various shades of yellow, red, or brown, 
or, in rare cases, green. If the cementing material be carbon- 
ate of lime, the sandstone becomes more or less " calcareous ; " 
and, if there be much lime present, a rock ii^ produced, which 
might, indifferently, be called an arenaceous limestone or a 
calcareous sandstone. 

The distinction between an ordinary sandstone and grity 
as it is termed, is one that is very difficult to define, though 
every geologist knows the difference in the field. As a 
general definition, it may be said that the term grit or gritstone 
should only be applied to the harder sandstones, which con- 
sist almost entirely of grains of silica cemented together by 
the most purely siliceous cement (Jukes). Often the particles 
of a ^it are imperfectly rounded or angular, but this is not 
essential ; and, in the rock known as " millstone grit," we get 
a sandstone which might fairly be regarded as a very fine- 
grained conglomerate. No sandstones, however, or very few, 
are purely siliceous ; but they mostly contain small quantities 
of some foreign substance. If lime be present, the sandstone 
is calcareous / if there are little flakes of mica in it, it becomes 
micaceous ; and, if there be aluminous matter, we have an 
argillaceous sandstone. 

A purely siliceous rock may be recognized by the feet that 
4 
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no effervescence would be caused by the addition of a drop of any 
mineral acid, and the rock could not be scratched with a knife. 

When an arenaceous rock consists of a number of frag- 
ments large enough to be called pebbles, imbedded in a sandy 
base or matrix, it ceases to be a sandstone. If the included 
fragments are all rounded and water-worn^ the rock is now a 
conglomerate or pudding-stone. If the fragments are more 
or less angular, it becomes what is called a breccia, Gfravel 
or shingle, again, may be said to be nothing more than a con- 
glomerate in an unconsolidated condition. It is convenient, 
for many reasons, to consider conglomerates and breccias 
under the head of arenaceous rocks, but this is to a great 
extent arbitrary. Many conglomerates and breccias certainly 
have a sandy matrix, and are, therefore, arenaceous rocks ; but 
many are calcareoua^ their matrix being composed of carbon- 
ate of lime. Many breccias, again, are of volcanic origin, and, 
though they are certainly mechanically-formed rocks, they are 
not aqueous. 

It seems hardly necessaiy to point out that, in all conglom- 
erates without exception, the included pebbles are foreign to 
the rock itself, and have always been derived from some older 
rock. In all conglomerates, therefore, the pebbles are older 
than the matrix. The same holds good of all breccias, except 
in the rare instances in which a rock has been locally broken 
into fragments, and has been recemented in place by the per^ 
eolation of water holding some cementing substance *in solu- 
tion. It follows from this that when fossils occur — as they 
sometimes do — ^in any conglomerate or breccia, we have to 
ascertain in what part of the mass they occur, before pronoun- 
cing as to their age. If they occur in the pebbles, then they 
belong to the older period in which the rocks were formed 
from which the pebbles were derived. If, on the other band, 
they occur in the matrix, then they belong to the period in 
which the conglomerate was formed. Thus, a conglomerate 
of the age of the Old R^ sandstone might contain Old Red 
fossils in its matrix ; but, if it contained any fossils in its 
pebbles, these would necessarily be the fossils of the older 
Silurian period, or of some still more remote age. 

Conglomerates, like sandstones, vary extremely in hardness, 
as well as in the size of the included pebbles. Sometimes the 
pebbles may be detached from the matrix with the slightest 
blow ; at other times the union of the matrix and pebbles is 
so strong, that a fracture will cut through the pebbles as well 
as the matrix, leaving a perfectly clean face. 
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b. ArgiUciceous Hocks (Lat. argiUa^ clay). — The second 
group of the derivative aqueous rocks is that of the argiUa- 
ceovs rocks, or those which contain a certain proportion of 
clay. Perfectly pure clay is a hydrated silicate of alumina, 
but it can hardly be said to occur in nature. The nearest 
approach to a pure clay is the " kaolin," or porcelain-clay, 
used in the manufacture of porcelain. This is derived from 
the decomposition of granitic rocks, but always contaiiis some 
impurity in the form of siliceous matter, in ordinary lan- 
guage, any earth- which can be kneaded with water into a 
plastic mass, is a *' clay," but all such contain more or less 
sand. The ordinary argillaceous rocks or clays, in fact, con- 
tain only about one-fourth part by weight of alumina, the 
remainder being chiefly silica or sandy matter, mixed with 
variable quantities of the oxides of iron and other impuri- 
ties. 

The chief tests in the field for argillaceous rocks are that 
they give out an earthy odor when breathed upon ; that they 
are readily scratched with a knife, or even with the finger- 
nail ; and that they do not effervesce with the mineral acids, 
or only- to a limited extent and under certain circumstances. 

Arenaceous rocks, as a general rule, are nothing more in 
iheir origin than fine mud derived from the wearing down and 
decomposition of rocks containing silicate of alumina ; and the 
following are their chief varieties : 

1. Ordinary day^ composed of a mixture of sand and 
clay, colored by iron or other impurities. 

2. Piperclay^ containing less sand than the preceding, 
white, and nearly or quite free from the oxides of iron. 

3. Loam, A friable mixture of sand and clay, in which 
the former so much predominates, that the whole ceases to be 
capable of being kneaded into a plastic mass. 

4. Marl, Clay with variable proportions of lime mixed 
with it, and generally breaking up, when dry, into small cu- 
bical fragments. The term " marl," however, is very loosely 
employed, and is often applied to clays which contain no cal- 
careous matter. 

5. MarJrdaZc occupies the same position to marl, that 
shale does to clay. It is only hardened and finely-laminated 
marl. 

6. Shale. This is regularly laminated clay, more or less 
indurated or hardened, and capable of being split into thin 
layers along the original laminae * of deposition. When it 
contains bitimien or other oily matter, it becomes *^ bitumi- 
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nous shale," and, when it has particles of coaly matter dissemi- 
nated through it, it is said to be " carbonaceous." * 

7. Olay-slcUe or Moofing-alate. — ^This is a shale which has 
been so far altered that it will no longer split along the original 
lines of lamination, but splits along a series of planes usually 
not coinciding with the original stratification. It is what is 
called " cleaved," and is, in a wide sense, a " metamorphic " 
rock. 

8. Flagstone or Flag. — ^This is a loose term applied to 
any rock which will split into thick slabs or flagSl Arenaceous 
rocks are often flaggy, as well as argillaceous rocks. 

II. Chemically-formed Rooks. — ^The second great sec- 
tion of aqueous rocks comprises those which have been formed 
by chemical agencies. As many of these chemical agencies, 
however, can only act through the medium of living beings, 
whether animals or plants, we include under this head a 
number of what may be called " organically-formed " rocks. 

1. Calcabeotjs Rocks. — The most important group of these 
chemically and organically formed rocks comprises the so- 
called Calcareous Rocks (Lat. C6^, lime) ; so called because 
they are made up of carbonate of lime, or contain a large pro- 
portion of this substance. All rocks which are composed 
almost exclusively of carbonate of lime are called limestone or 
chalk, the former being hard and compact, the latter soft and 
powdery. 

Chalk is nearly pure carbonate of lime, and has mainly a 
soft texture. It is to a great extent an organically-formed 
rock, consisting almost entiifely of the minute calcareous* shells 
of certain simple forms of animal life, which have been ab*eady 
spoken of as Foraminifera, These make up the mass of the 
rock, and are invisible to the unassisted eye ; but along with 
these are the remains of sea-urchins, sheU-fish, corals, sponges, 
and other marine animals. 

When the calcareous rock, instead of being soft and earthy, 
is hard and compact, it constitutes limestone^ of which there 
are many varieties, formed in different ways. Some limestones 
are formed almost wholly of organic remains, such as corals, 
shells, stone-lilies, and other fossils, when the rock is truly 
organia When these have grown on the spot, as we find 
them now, the rock may truly be said to be an old coral-reef. 
In many cases, however, the rock is secondarily mechanically 
formed ; since it is composed of fragments of shell, coral, eta, 
mechanically transported to their present site, and then ce- 
mented together by the percolation of water holding carbonio 
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acid in solution. Examples of botb these kinds of limestone 
are to be found in process of formation at the present day 
among the coral-islands of the Pacific. 

Other limestones are fresh-water in their origin, and are 
formed in lakes into which run streams containing carbonate 
of lime in solution. Water containing carbonic add in it — 
as rain and all streams do — ^is capable of taking up a certain 
amount of carbonate of lime and retaining it in solution. 
When, however, the water evaporates, and the carbonic-acid 
gas escapes, the lime, which was previously held in solution, 
is redeposited in a solid form. In this way are formed those 
pendent masses of lime which hang from the roofs of limestone 
caverns, and are known as " stalactites." Every drop of rain- 
water, namely, which percolates through the roof, takes up a 
portion of lime, which it is forced to part with again, as it 
hangs suspended from the roof, and has time to evaporate. 
If it succeeds in falling, it evaporates on the floor of the cave, 
and forms there other masses of lime, which are known as 
** stalagmites.'* In this way, also, are produced the well- 
known phenomena of " petrifying " springs, some of which 
give rise to the formation of extensive calcareous deposits. 
As these burst forth from the interior of the earth, they hold 
much carbonate of lime in solution ; but they deposit this in a 
solid form, as they evaporate and give forth their carbonic 
acid. If the resulting rock is soft and spongy, it is known as 
** calcareous tufa ; " if hard and compact, it is called " Traver- 
tine." This last owes its name to its occurrence upon the banks 
of the -river Tiber, where it forms precipices several hundreds 
of feet in height, and is largely used as a building^stone. 

The sea, of course, like fresh waters, contains carbonate of 
lim^, but there is no reason to suppose that limestones are 
ever formed by the direct precipitation of carbonate of lime 
from sea-water, as does occur in some fresh waters. In the 
case of marine limestones, it is probable that the lime is inva- 
riably in the first place abstracted from sea-water by the 
agency of marine animals. 

The term "marble" is applied to any limestone hard 
enough to take a polish. Many marbles owe their beauty to 
impregnation with mineral substances, or to the presence of 
fossils ; and these do not differ essentially from ordinary lime- 
stones. Other marbles, such as " statuary marble," are crvs- 
talline, like loaf-sugar, and hence they are sometimes called 
"Saccharoid" limestones (Lat saccharumy sugar). These 
are, properly, metamorphie rocks, and are devoid of fossils. 
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When the limestone is composed of small, rounded grains, 
like the roe of a fish, it is said to be " oolitic," or to be an 
" oolite.'* This structure is generally due to the deposition 
of concentric layers of carbonate of lime round separate grains 
of sand, which act as independent nuclei for this action. When 
the grains are of large size, like peas, the limestone is said to 
be "pisolitic*' (Lat. joi^t^m, a pea). 

When limestones contain much siliceous or flinty matter, 
they are said to^be " chertv " or " siliceous " limestones ; but 
very often the '^ chert" is only disseminated in scattered 
masses in the limestone, and the whole rock is not siliceous. 

If much aluminous matter is present, the rock becomes an 
" argillaceous " limestone ; and if alumina and silica are pres* 
ent in such proportions that the rock forms a mortar, which 
will consolidate or " set " under water, then the limestone is 
said to be " hydraulic" 

The most important variety of limestone is dolomite or 
magnesian limestone^ which owes its characters to the pres* 
ence of a certain amount of carbonate of magnesia intermixed 
with the ordinary carbonate of lime. The presence of mag- 
nesia is indicated by a peculiar sandy feel, and gritty texture, 
accompanied, in the more genuine dolomites, by a character- 
istic, pearly lustre. Further, magnesian limestone does not 
effervesce with acids as readily and violently as ordinary lime- 
stone ; while its color is generally, though by no means inva- 
riably, some shade of yellow or brown. Magnesian limestone 
varies much in character, being sometimes soffc and earthy, 
sometimes hard and compact, sometimes splitting into thin 
layers, and sometimes looking as if composed of a number of 
rounded " concretions," which may be as Ismail as grapes, or 
as large as cannon-balls. In its origin, also, it varies. Some- 
times the rock contained magnesia at the time of its deposition, 
and was, therefore, a magnesian limestone from the beginning. 
In other cases there is direct proof that the rock, when first 
deposited, was an ordinary limestone not containing magnesia, 
and that this substance was introduced into the rock at some 
later period. How the original limestone became " dolomi- 
tized," as it is offcen called, is not altogether certain. 

In the Jieldy limestone may usually be recognized by its 
peculiar mode of weathering, owing to the solvent action of 
water upon it, its surface being generally more or less worn 
into irregular hollows and cavities. It may also be known by 
the appearance and texture of its fractured surface, and by its 
being generally divided into pretty regular and even blocks 
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by regular lines of division or " joints." In any doubtful case, 
however, the addition of any strong acid, as nitric or muriatic 
acid, will decide the point. If carbonate of lime be present, 
there will be effervescence from the liberation of free carbonic- 
acid gas ; and the more calcareous the rock may be, the more 
rapid and violent will be the effervescence. Chalk, as being 
nearly pure carbonate of lime, effervesces most violently, and 
may oe nearly altogether dissolved ; but magnesian limestone 
effervesces only slowly and feebly. 

2. Gypsum. — Gypsum is a hydrated sulphate of lime ; that 
is to say, it is composed of sulphuric acid in combination with 
lime and two atoms of water. It occurs as a rock in various 
forms, but it is not found very commonly in large masses. 
Grenerally it appears as a soft, yellowish-white or white rock, 
somewhat of the texture of loaf-sugar, but often more coarsely 
crystallized, or fibrous. It generally occurs in pretty regular 
beds, sometimes of considerable thickness; but it is often 
found in irregular masses or cakes, or in the form of veins and 
strings disseminated through other rocks. Not uncommonly, 
marls and clays are impregnated with gy psura, and are then 
said to be '* gypseous." Alabaster is a granular and compact 
variety of gjrpsum, which is used in sculpture, but is not of 
common occurrence. Gypsum may be distinguished in the 
field from all forms of carbonate of lime by remaining unaf- 
fected by the mineral acids. 

RocK-SAiiT. — ^This, like gypsum, is by no means generally* 
distributed. It mostly occurs in the form of irregular cakes, 
which may be fifty or sixty feet thick in the middle, but which 
rapidly diminish in thickness, or " thin out," in every, direc- 
tion, as the circumference of the mass is approached. The 
salt may be quite pure, or may be more or less contaminated 
by various earthy impurities. In a great many cases, beds of 
rock-salt are found to be associated with red, green, or varie- 
gated marls, or with masses of gypsum ; but the origin of 
rock-salt will be alluded to in speaking of the New Red 
Sandstone. 

. Coal. — ^This is the last of the organically-formed rocks 
which requires mention, but its origin and leading characters 
will be treated of at length in speaking of the Carboniferous 
Rocks. Whether in the form of ordinaiy bituminous coal, an- 
thracite, or lignite, coal is formed out of vegetable matif r. In 
all cases, therefore, coal approximates more^or less closely in 
chemical composition to wood. It consists, namely, of from 
seventy to eighty per cent, of pure carbon, with varying quan- 
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titles of oxygen and hydrogen, and a small quantity of earthy 
or mineral matter, this last constituting the ash of coal when 
burnt. All coals occur in the form of beds in other stratified 
rocks, and there are innumerable gradations from pure coal, in- 
to earthy coal, and carbonaceous shale, till ultimately ordinary 
shale is reached. It follows from this that coal is not a miri' 
eral^ with a definite form and a definite chemical composi- 
tion, but it is a rocky and as such is liable to an extensive 
series of variations in composition without losing its title to 
be called coal. 

Gbadations between the Groups op Aqueotts Rocks. 
— ^The division of the Aqueous Rocks into the three great 
groups of the Arenaceous, the Argillaceous, and the Calcareous 
Rocks, is a very convenient one in practice. It is to be borne 
in mind, however, that in Nature no hard and fast line can be 
drawn between the great groups of Aqueous Rocks ; but that 
they may, and commonly do, pass into one another by a number 
of insensible gradations. Tlius, purely siliceous* sandstones 
are exceptional, but more or less argillaceous or calcareous 
matter is usually present, till ultimately we get an argil- 
laceous or calcareous sandstone. Few limestones are without 
some admixture of aluminous matter or clay; and the im- 
puritv may be so marked a feature that we are compelled to 
call the rock an argillaceous limestone. Or, again, a limestone 
may have so much sand mixed with it as to become " sili- 
peous." In the same way, shales may be so impregnated with 
quartzQse matter, that they become " sandy shales," or " shaly 
sandstones," just as we may choose to call them. Or, there 
may be so much lime present, that the rock will effervesce 
with acids, and becomes a " calcareous shale." 

Again, no rigid line can be drawn between the chemically- 
and the mechanically-formed rocks in practice. Most lime- 
stones are primarily of the nature of chemically- or organically- 
formed rocks, but they are often secondarily mechanically- 
formed rocks; or, at any rate, they have undergone such 
changes since their deposition that their exact origin cannot 
be determined. 



CHAPTER Vin. 



VOLCANIC BOCKS. 



Under the head of "Volcanic Rocks'' are included not 
only the rocks produced by modern volcanoes, but also those 
which we have reason to suppose have been formed by vol- 
canoes now no longer in existence. The general mode of the 
occurrence of the Volcanic Rocks is threefold. They occiu*, in 
the first place, in the form of solid masses surmounting or 
penetrating other formations, generally of no very great hori- 
zontal extent, but showing evident marks that th#y have, at 
some former period, been melted or fused. In the case of 
modem volcanoes these masses constitute the " lavas," but in 
the case of the older rocks, where no cone of eruption is now 
to be found, they constitute beds of different kinds of "trap." 
In either case they are devoid of stratification, and destitute 
of fossils. They mostly form tabular masses, the edges of 
which constitute abrupt escarpments, or cliffs ; and it is from 
this peculiarity that the older examples are known as " traps," 
from the Swedish word " trappa," a flight of stairs, trap-hills 
generally exhibiting a stair-like terraced appearance. 

Secondly, the fused materials, though precisely the same 
as the preceding, instead of forming tabular masses or nearly 
horizontal sheets, have been forced into fissures which have a 
more or less nearly vertical direction. They then intersect 
other formations as wall-like masses, and they are known as 
" dikes " (Fig. 16). 

Thirdly, in addition to these two kinds of originally melted 
rock, we nave another group of volcanic and trappean rocks, 
which is purely mechanical in its origin. The rocks of this 
group are produced by the showering forth from the volcanic 
vent of clouds of impalpable ashes with larger or smaller frag- 
ments of stone ; the whole derived from the melted lava filling 
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the crater, by its forcible diaintegration and dispersal in con- 
sequence of the explosive escape through it of expansive gases. 
The materials produced in this way are often ejected in 
enormous quantities, and they mostly fell in the immediate 
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neighborhood of the volcanic orifice, constituting a series of 
beds of greater or less thickness. If the volcano is submarine 
or near the sea, the ashes and scorix thus emitted usually be- 
come regularly stratified, and they may contain fossils. If 
they fall on land, they will exhibit a rough and irregular strat- 
ification, but not nearly in so perfect a manner as if they had 
been arranged and assorted by water. As produced by ejdstr 
ing or extinct volcanoes, these mechanical accompaniments of 
an eruption are spoken of as volcanic ashes, tufi^s, and scorife. 
As produced by the ancient and no longer visible volcanoes 
fi:om which the traps proceeded, they are spoken of as fel- 
spathic ashes, trappean ashes, trap-tuffs, and trappean brec- 
cias. In both cases their nature is essentially the same. 

As the mechanically-formed ashes, tuffs, and breccias, are 
produced by the forcible breaking up and disintegration of the 
melted lavas and traps, it follows that the two sets of roc^s 
are identical in chemical composition ; since they are, in fact, 
ooiJiing more than different physical states of the same rock. 
In making, therefore, the brief remarks which follow, on the 
mineral composition of the volcanic and trappean rocks, no 
distinction need be drawn between these groups. 

All volcanic and trappean rocks may be looked upon as 
essentially composed of two great families of minerals, y^fs^Mr 
and horrmende, each of these names being used in a general 
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sense to cover a great variety of diflferent species of minerals. 
All the volcanic and trappean rocks are produced by the inter- 
mixture of different members of the felspathic and homblendic 
groups of minerals in different proportions. An enormous 
variety of rocks is thus produced, most of them known by 
special names, and only to be accurately determined by an 
elaborate chemical analysis. For our present purpose, however, 
it will be quite sufficient to understand the general composi- 
ticm of the felspathic and homblendic groups of minerals, and 
the characters of the more important rocks which are formed 
by then- intermixture. 

All the felspars maybe regarded as essentially silicates of 
alumina, combined with the silicate of some alkali, such as 
potash, soda, or lime; so that they may be looked upon 
as a kind oi glass. The leading varieties of felspar are distin- 
guished by the predominant alkali which they contain, as 
potash-felspar, soda-felspar, etc. 

The chief varieties of felspar are : 

1. OrthodaiCy common feUparj or potash-felysar ; a silicate of alumina 
and potash, 

2. Albiie or toda-fdspar ; a silicate of alumina and soda. 

8. OLigodcm ; a silicate of alumina and soda, but of different propor- 
tions to albite. 

4. Zabradoriiey Zabrador-fdsparj or lime-feUpar; a compound of silicate 
of alumina, silicate of lime, and silicate of soda ; distinguished by its cleavage 
and iridescence. 

6. Anoriktie ; very similar to LabradoritCi but having part of the lime 
replaced by potash, soda, or magnesia. 

The JETomblendic groups of minerals bm^ essentially sili- 
cates of magnesia mixed with silicates of lime, iron, or man- 
ganese. The two most important minerals are hornblende 
and augite, which are probably only different states of the 
same mineral. They differ from one another in crystalline 
form, and in their "cleavage ;" that is, the crystals differ in 
the <iu*ection in which they can be cleaved or broken by a blow 
from a bammer.or chisel. As ordinarily seen in igneous rocks, 
both hornblende and augite appear as grains, crystals, or 
masses of different shades of olive-green, often so dark as to be 
nearly black. Unless occurring in moderately large crystals, 
it is a matter of great difficulty to distinguish hornblende from 
augite, except by a careful chemical analysis. 

In spite of the above-mentioned differences, there is reason to believe 
that hornblende and augite are merely different forms of the same mineral, 
the former being produced by very slow, and the latter by rapid cooling. 
The g;rounds of this belief are.as follows : 
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a. Hornblende and angite do not differ much in chemical composition. 

b. The two minerals are rarely associated together in the same rock. 

€. Crystals are found which have the external form of augite with the 
deavage of hornblende. 

d. When found together, the hornblende occurs in the mass of the rock ; 
while the augite is only found in the form of crystals lining cavities, where 
the rate of cooling may have been very rapid. 

e. When hornblende is artificially melted in a furnace, it invariably takes 
upon cooling the crystalline form of augite. 

All volcanic and trappean rocks may, then, be regarded 
as variable mixtures of the felspathio and the homblendic 
minerals. Of the many varieties produced in this way, it is 
essential to know the names of some of the more important ; 
and it will greatly conduce to clearness of ideas on this sub- 
ject if we hold in remembrance the distinction formerly laid 
down as to the two great groups of igneous products. Whether 
we are dealing, namely, with the products of modem volca- 
noes, or with the more ancient traps, we have to consider two 
sets of rocks : 1. The melted rocks which are ejected from vol- 
canic orifices as currents, and which subsequently solidify into 
horizontal sheets, or tabular masses, or vertical dikes ; and 
2. The mechanical accompaniments of every eruption, in the 
form of ashes, scoriae, and breccias. 

Holding this distinction in remembrance, the volcanic and 
trappean rocks fall naturally into two sections each, according 
as they exhibit a predominance of felspathic or homblendic 
minerals. Applying the term *' lava *' as a general designation 
to the molten matter which flows in currents from a modem 
volcano, i^efd^fxUhic lavas are those which exhibit a predom- 
inance of felspatnic minerals, sometimes to the total exclu- 
sion of homblendic matter. They are often called trachytes 
(Gr. trachua^ rough), from their rough and gritty feel to the 
touch. The color of trachyte varies, but it is mostly some 
shade of blue ; and it is usually porous or cellular. When 
distinct crystals of felspar or any other mineral are present, 
disseminated in a general felspathic paste, it is said to be 
"porphyritic;'' and, when the rock is vitreous or glassy in 
texture, from rapid cooling, it forms what is called " obsidian," 
or " volcanic glass." The second group of lavas is that of the 
augitic lavas or doleriteSy consisting of some felspar (generally 
lime-felspar), intermixed with augite, and with small quanti- 
ties of less important ingredients. The most important mem- 
ber of this group is " basalt," a compact, apparently homoge- 
neous, black, or nearly black rock, with a dull fracture, and 
sometimes with scattered crystals in it. 
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The mechanical accompamments of modern lavas are : 

1. Volcanic tuff^ or ewA, consisting of ashes or powder 
mixed with small fragments of lava projected fix)m a volcanic 
orifice during an eruption. It varies from the finest and most 
impalpable powder up to a coarse breccia containing angular 
or partiallj-rounded fragments of lava of all possible sizes. 

2. ScoricBy produced by the action of gases upon basaltic 
or doleritic lavas, and having very much the appearance of 
cinders of a reddish-brown or black color. 

3. Pumice^ a light, spongy substance, produced by the 
action of gases upon felspathic or trachytic lavas, and perhaps 
upon other lavas as well. 

The trappean rocks, like the preceding, admit of division 
into two primary sections, the felspathic traps or felstones, 
and the homblendic traps, greenstones, or diorites. The fel- 
stones are characterized by the predominance of felspar, and 
are the most highly siliceous, and consequently the most in- 
tractable and infusible of all the traps. No general description 
can be given of the numerous varieties of felstone. The hom- 
blendic traps, or diorites, are those which consist of a mixture 
of hornblende and felspar. They vary much in appearance 
and texture, being sometimes fine-grained and granular, some- 
times coarsely crystalline. The most important varieties are 
greenstone, melaphyre, and basalt, this last being just as often 
a trap as a volcanic rock. 

The mechanical accompaniments of the trappean rocks are : 

1. FelfspcUhic asJies^ corresponding to the ashes of modem 
volcanoes, and like them varying in texture from the finest 
grain up to the coarsest breccia. As most of the trappean 
eruptions were probably submarine, many felspathic ashes are 
regularly bedded and laminated. 

2. Greenstone ashes and breccias^ differing from the pre- 
ceding, in accompanying flows of the homblendic traps, and 
in containing, therefore, more hornblende. This gives them 
a darker tinge, but they are extremely variable both in color 
and texture. 

Though it is convenient to divide the volcanic and trap- 
pean roqks into the preceding great sections, it must not be 
forgotten that in nature there are many gradations between 
the felspathic and homblendic lavas and traps. It is a very 
useful distinction whereby to give a general classification of 
any trap or lava we may nappen to have to deal with ; but it 
is often difficult or impossible to make out in the field whether 
a given lava or trap belongs to the felspathic or to the hom- 
blendic group. 
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There still remain two terms which it is essential to com- 
prehend, as they are applied in a general sense to any igneous 
rock which possesses the necessary characters, whether it be 
volcanic or trappean : 

1. Whenever any lava or trap consists of a compact, earthy 
base, in which are scattered distinct crystals of any mineral 
(such, for instance, as felspar or hornblende), the rock is said 
to be ^ porphyritic^^ In common language, the rock, in these 
cases, is often spoken of as a " porphyry ;" but this had better 
be avoided. The name porphyry has been employed to desig- 
nate more than one special rode ; and it prevents confusion, 
therefore, if, instead of saying that a rock is a porphyry, we 
speak of it as a porphyritic felstone, or greenstone, or what- 
ever it may be. 

2. Any lava or trap may become an " amygdaloid," or be 
amygdaloidaL This term comprises all those igneous rocks 
in which we now find round or almond-shaped nodules of any 
mineral, such «is calcspar or quartz, disseminated through a 
matrix of ordinary lava or trap. The origin of this structure 
is readily comprehended. As the molten rock is being forced 
up the interior of a volcano, it becomes impregnated with va- 
rious elastic gases. The expansion of these causes the forma- 
tion of numerous bubbles or cells in the melted mass, just as 
can be seen any day in the slag of a furnace. As the lava 
flows along, the cells or cavities thus produced become drawn 
out or lengthened in the direction of the current, so as to often 
assume the shape of an almond ; hence the name ^^ amygda- 
loid" (Lat. amygdala^ an almond). In most modem lavas, 
and in some traps, these cavities or cells remain empty, and 
are seen to be lined by a vitreous glaze or varnish ; and the 
whole rock becomes cellular. In some lavas, however, and in 
many traps, the rock has, at some later period subsequent to its 
cooling, been subjected to the percolation of water holding in 
solution certain mineral substances, of which carbonate of lime 
and silica or flint are the commonest. These dissolved mate- 
rials are gradually precipitated from the water and deposited 
in the cells of the rock ; till finally, in place of the original 
empty cavity, you get a nodule of some mineral, such as calc- 
spar, agate, or chalcedony. Sometimes, however, the cell has 
been partially filled with one mineraJ, and partially with 
another, and very generally some of the cells of an amygda- 
loid will contain one mineral, and other cells will be ^ed 
with a diflierent mineraL 
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PLUTONIC BOCKS. 



We hare next to consider the composition of the crystal- 
line plutonic rocks, which, as already said, are believed to 
have been formed by igneous or hydro-igneous action at great 
depths below the surface of the earth, and under enormous 
pressure. The most important plutonic rock is granite, but 
there are some others of which it* is necessary to know the 
characters and composition. 

I. Granite is a crystalline rock, in which the crystallization 
is confused ; that is to say, there is rarely any regular ar- 
rangement of the crystals, but they are confusedly scattered 
in every direction tlm>ugh an imcrystallized matrix. When, 
as sometimes happens, one of the materials of the granite has 
crystallized in large crystals, more conspicuous than any of 
the rest, the granite is said to be " porphyritic." Granite is 
ordinarily composed of three minerals — quartz, felspar, and 
mica — ^the proportions of which vary in different granites, and 
often in differenff^rts of the same granitic mass. 

The qtiariz is usually one of the most abundant of the ele- 
ments of granite, but it does not generally occur in distinct 
crystals, and it may be present in only small quantity. Being 
merely silica or flint, the quartz may be picked out by its ap- 
pearance, and by its not being capable of being scratched with 
the point of a knife. As a general rule, the quartz forms a 
glassy mass in which the other elements of the granite have 
confusedly crystallized. 

The fel^lHir is generally present in more than one of its 
forms, and it is the most conspicuous crystalline element of 
the granite. Ordinarily, only part of the felspar has crystal- 
lized, and the remainder is either amorphous, or has crystal- 
lized in very small crystals. The commonest felspar of gran- 
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ite is potash-felspar or orthoclase, and one of its commonest 
colors is pink or flesh-colored. 

The mica ii^usually present in the form of small, glistening 
scales, either white or black in color, or sometimes brown, 
green, or yellow. It more rarely occiurs in the form of large 
tabular plates. Mica is essentially a silicate of alumina com- 
bined with the silicate of an alkali ; and, when this alkali is 
potash, -v^e get the commonest form of mica. 

The most remarkable point about the crystallization of 
granite is that the more infusible and intractable portions of 
the mass have crystallized or consolidated last, and the most 
fusible have consolidated ^r^^. In melting granite, the quartz 
would melt last, as being the most infusible, and requiring 
the highest teraperatiu« before it would melt. This being 
the case, it is quite clear that in the cooling of granite the 
quartz ought to have consolidated ^r«^, and the more fusible 
felspar and mica should have remained fluid for a longer 
period. The reverse of this, however, is what has really oc- 
curred. The felspar and mica have crystallized first, and they 
are found now in hard, transparent, glassy quartz, which must 
have remained fluid to the last, as shown by its often retaining 
accurate casts of the imbedded crystals. Sometimes, how- 
ever, the quartz and felspar have crystallized at the same time, 
and have mutually impressed their forms upon each other. It 
is very difiicult to explain this undoubted general fact in the 
crystallization of granite. The most probable explanation is 
based upon certain experiments which seem to show that 
melted silica in cooling has the property of remaining for 
some time in a soft, gelatinotM condition, whereas this is never 
the case with felspar. 

There are, however, many grounds for bflieving that the 
conditions under which granite was formed, were conditions 
in which water played quite as important a part as Jieat. It 
has, in fact, been asserted, apparently upon insufficient grounds, 
that granite has never been fused ; because the specific gravity 
of its quartz agrees with that of silica precipitated from a 
watery solution and not with that of silica which has cooled 
after igneous fusion. The quartz of granite, also, offcen con- 
tains microscopical cavities with fluid in their interior, showing 
that water was certainly present at the time of its formation* 
Almost all modem lavas, however, show these same cavities ; 
so that this cannot be advanced as an argument against the 
belief that granite has been at one time fused. This appears 
also to be established by the crystallization of granite, by the 
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baking and metamorphizing effect which it exercises upon the 
other rocks with which it comes in contact, and by its sending 
out veins into the surrounding formations. At the same time, 
there is strong reason to believe that very many granites are 
the result of the alteration and semi-fusion of other rocks in 
situ^ and that in many cases these rocks were primitively strat- 
ified rocks. Thus, granite sometimes passes insensibly into 
gneiss, which was certainly at one time an ordinary stratified 
rock. Some granites, therefore, may properly be considered 
as metamorphic rocks ; but it is not certain that this explana- 
tion will apply to all granites. 

n. Syenite is in all its geological features identical with 
granite ; but, instead of consisting of quartz, felspar, and mica, 
it is composed of quartz, felspar, and hornblende. When 
extensively developed, syenite frequently loses its quartz, and 
then passes into syenitic greenstone or felstone-porphyry. 

in. I^otogine or tcUcose granite is similar to granite, ex- 
cept that it consists of quartz and felspar, with talc in place 
of mica. The composition of talc is a silicate of magnesia. 

rV. Eurite is simply granite in which all the component 
minerals — quartz, felspar, and mica — are mingled together so 
as to form a finely-granular mass, not exhibiting the coarse 
and distinct crystallization of ordinary granite. 

Passage of Gbanitic Rocks into Trap. — It has already 
been mentioned that ordinary granite may pass into gneiss. 
Similarly protogine may pass into talcose schist. These facts 
support the view that some granites are of metamorphic ori- 
gin, and are to be regarded as the extreme term of the meta- 
morphic series. On the other hand, granite and all its varie- 
ties sometimes pass by insensible gradations into ordinary 
trap-rock. This would strongly support the view that some 
granites are truly of igneous origin. 



CHAPTER X. 

ICETiL&COBPHIO B0CK8. 

The true metamorphic rocks are almost always devoid of 
organic remains, and contain no distinct fragments of other 
rocks, whether angular or rounded. As before remarked, they 
are believed to have been produced by an alteration or meta- 
morphism of ordinary stratified rocks, in consequence of the ac- 
tion of heat in conjunction with moisture, under great pressure. 
The most important metamorphic rocks are gneiss, hornblende- 
schist, mica-schist, roofing-slate or clay-slate, quartzite, and 
primary or metamorphic Umestone. 

L Ghieisa in its mineral composition agrees with granite, 
being composed of quartz, felspar, and mica ; but these mate- 
rials, instead of being confusedly crystallized together, are ar- 
ranged in thin layers, along which the rock has a tendency to 
split. As a rule, each of these layers consists of one of these 
minerals ; and thus a layer of quartz succeeds a layer of fel- 
spar, and this is followed by a layer of mica, and so on in in- 
definite alternation. These layers of different mineral compo- 
sition are called " folia," and the rock is said to be foliated. 
The origin of foliation will be subsequently considered ; in the 
mean while it is sufficient to remark that the *' folia" of the 
rock, though of different color, texture, and mineral composi- 
tion, are not the original laminse of deposition. It may hap- 
pen, as a matter of accident, that the lines of foliation agree 
with the lines of stratification or lamination ; but it is much 
more general for the lines of foliation altogether to di^gard 
the original planes of stratification. 

If hornblende replace the mica of gneiss, or be present in ad- 
dition to the quartz felspar and mica, the rock becomes a "sye- 
nitic gneiss." If talc take the place of mica, the rock is said to 
be a "talcose gneiss," or sometimes a. "stratified protogine." 

II. Somhlenderschist differs little from " syenitic gneiss." 
It is a foliated rock, nearly black in color, composed principally 
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* 
of hornblende, with a variable quantity of felspar, and some- 
times with grains of quartz. 

nL Micorschist is another foliated rock, of very common 
occurrence. It consists of alternating layers or folia of mica 
and quartz ; the mica being sometimes so abimdant as to con- 
stitute almost the entire rock. 

lY. Clay-slate or JRoofing-date is nothing more than ordi- 
nary laminated clay or shale, which has been so far metamor- 
phosed that the rock will no longer split along the original 
lines of stratification, or does so with great difficulty ; whereas 
it will split readily and indefinitely along a second different 
set of planes, usually altogether discordant with the original 
laminae of deposition. This structure is called "cleavage,'* 
the rock is a cleaved rock, and the lines along which it splits 
are known as " cleavage-planes." The nature and origin of 
cleavage will be considered later on ; in the mean while it must 
be remembered that all slate is not a metamorphic rock, in any 
other sense than that cleavage is neyer present in a rock in 
the time of its deposition, but is always induced in it at some 
later period, in consequence of some external agency. In this 
general sense, slate is certainly always a metamorphic rock ; 
but there are many more or less perfect clay-slates in the ordi- 
nary fossilifero.us rocks ; and there is no positive test by which 
such slates can be distinguished from the day-slates which oc- 
cur in the series of the metamorphic rocks. 

V. Quartzite or quart^rock is produced by the metamor- 
phism of ordinary siliceous sandstones, which have been so far 
melted that the component grains of quartz have their original 
sharpness of outline blurred, and have been fused together at 
their edges. Excellent examples of quartzite may be found 
in sandstones near their point of junction with trap dikes ; or 
in the sandstone-slabs which are sometimes used as bottoms 
for the hearths of iron-furnaces. Under no circumstances must 
quartzite be oonfounded with quartz; the latter being a min- 
eral which occurs under many forms, while the former is a half- 
melted sandstone. 

VL The last metamorphic rock of any importance is pn" 
mary limestone or metamorphic limestone^ as it would be bet- 
ter termed. This occurs either in the form of thin foliated 
beds, not at all unlike certain varieties of gneiss, or sometimes 
as a massive, white, granular marble. In this latter jcase, the 
rock has lost all traces of bedding and is highly crystalline. 
When not colored by foreign substances, as it very often is, it 
is called " statuary marble," as it is largely used in sculpture. 
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CHAPTER XL 

DIVISIONAL FLANBS OF BOOKS. 

Befobb going on to consider the manner in which the 
four great classes of rocks present themselves in the field, it 
is necessary to study the various lines and planes along which 
any given rock may be split, or exhibits a natural fissure. All 
these lines and planes are spoken of in geological language as 
the " divisional planes '' of rocks ; and wiere are four kinds of 
these, the nature and origin of which it is absolutely necessary 
to understand. 

I. Planes op Deposition ob Stbatipication. — ^These are 
the original lines and planes marking the boundaries of the 
different layers or strata of which every stratified or " bedded " 
rock is composed. Strictly speaking, the *' planes of stratifica- 
tion " are the planes which divide an aqueous rock into its 
different beds or strata; while the ** laminae of deposition" are 
the lines which divide each stratum into its minor laminsB or 
layers. Strata^ varying in thickness from a few inches up to 
several feet, are the characteristic of every sedimentary rock. 
The lamincB vary in thickness from one inch down to the thin- 
ness of writing-paper, but they are not universally present. 
In many cases a rock — as, for example, chalk-^may exhibit 
more or less clearly the original lines of stratification, but 
shows none of the minor laminae of deposition ; while some- 
times even the former may be obscure or obliterated. The 
lines or planes which divide one lamina from another indicate 
pauses in the work of deposition. The lower layer had time 
to harden somewhat before the succeeding layer was depos- 
ited ; hence the rock splits naturally along the lines between 
the layers, since there is here less cohesion than elsewhere. 
The lines of stratification indicate still longer pauses in the 
work of deposition. The lower stratum had so much time 
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aHowed it to consolidate in, before the upper layer was depos- 
ited, that there is a total want of cohesion between the two, 
and two succeeding strata are separated by an actual break 
of continuity, 

II. Planes of JorariNa. — Tlie second class of divisional 
planes comprises a group of fissures which are known as 
"joints," and are found in all rocks alike, whatever the nature 
of these may be. If it were not for the presence of joint- 
planes, the unstratified rocks, such as basalt or granite, could 
Dot be quarried, since they would form undivid^, intractable 
8 of solid rock (Fig. 17). 
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As a matter of fact, then, all rocks are traversed by a se- 
ries of divisional planes or " joints," which divide the rock 
more or less completely into a series of blocks of different sizes 
and shapes. In stratified rocks, joints are generally inclined at 
angles more or less nearly perpendicular to the planes of strati- 
fication or bedding ; and many of them are extremely irregular 
in direction. Often, however, there may be made out two 
leading systems of joints, of which one series coincides with 
the direction of the inclination or " dip " of the beds, while 
the other series runs nearly at right angles to the former. 
When these two sets of joints are well developed, as they 
often are in limestones (Fig. 17), they divide the entire mass 
of the rock into a series of rectangular blocks, the upper and 
lower sur&ces of which are formed by the planes of stratifica- 
tion, while the sides are formed by the joints. The planes of 
jointing are generally most dose, regular, and even, in the 



finei^grftined rocks, and more irregular and uneven in the 
coarse-grained rocks. 

TTie most common and general cause of jointing appears to be 
the contraction of the rock in the process of consolii^ting. All 
rocks, in passing from an unconsolidated to a consolidated con- 
dition, undergo a certain amount of contraction, and it appears 
itnpossibld that this contraction can take place in any large mass 
of rock without the production of numerous fissures or joints. 
That the power which produced joints acted with great force, 
is shown by joints traversing conglomerates, which often cut 
clean through the hardest pebbles as well as the softer matrix. 
In the solid igneous and plutonio rocks the joints are gen- 
erally very irregular, but they are sometimes so closely set 
and so regular as very closely to simulate bedding. There ia 
another case of regular jointing which is often seen in lavas 
and traps, and which requires explanation. This is the co- 
lumnar jointing of traps and lavas, by which the entire mass 
of the rock is divided into a series of columns, which have a 
more or less perfect hexagonal outline, thus forming six-sided 
prisms (Fig. 18). This structure is seen in its greatest perfec- 
tion in the Giant's Causeway on the northeast coast of Ireland, 
and in the "pillared" island of Staffa, on the west coast of 
Scotland. 
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There is one general law which holds good without excep- 
tion in these columnar masses. The direction of the columns 
ia invariably perpendicular to the cooling surfaces of the melt- 
ed mass. Thus, if jou have a mass of basalt included between 
stratified rocks (Fig. 19, a), the direction of the columns will 
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be at rigbt angles to the sur&cea of the stratified beds, since it 
was at these surfaces that the basalt commenced to solidify. 
If the basalt has formed a vertical dike or wall-like mass inter- 
secting other rocks (Fi^, 19, b), then the direction of the col- 
umns will be horizonttu, or at right angles to the sides of the 
dike. Lastly, if the melted mass bas formed a kind of pipe 
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running through other rocks (Fig. 19, c), then the direction 
of the columns will be like the spokes of a wheel, radiating in 
every direction from the centre to the circumference. 

In most cases, the columns are of considerable length, va- 
rying from five or six feet up to as much as one hundred or 
one hundred and fifty feet, with a diamet«r of from sis to 
eighteen inches, and only interrupted by an occasional cross- 
joint. In other cases, the columns have a diameter of several 
feet, and their outline is only rudely hexagonal; so that the 
columnar structure of the rook can only be perceived on a large 
scale, and when looked at from a distance. Lastly, there are 
cases in which the columns are divided into a number of short 
hexagonal masses, the ends of which are occasionally devel- 
oped into ball-and-socket articulations or joints. The origin 
of tbese "articulated" columns has been shown by experiments 
made upon artificially melted basalL If such a melted mass 
be allowed to cool slowly, it returns to its original stony con- 
dition. Id cooling, however, numerous points of aggregation 
or centres of solit^fication appear in the mass, and the solidi- 
fying particles arrange themselves round these, so as to form 
a number of concentnc coats round each centre, somewhat like 
the poats of an onion. The final result of this is, that the 
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whole mass comes to be composed of a number of spherical 
balls, each of which is composed of a series of concentric 
coats. If all the balls are of equal • size, each will be touched 
by exactly six others ; and, if all the balls tend to increase 
equally in size at their circumferences, each will ultimately 
be squeezed, by the pressure of the others, into an hexagonal 
prism. This, there is every reason to believe, is what has 
actually occurred in the case of articulated columnar basalt. 
Indeed, the tendency to form spheroidal balls, composed of 
many concentric coats round a central nucleus, is observable 
in many igneous rocks, without its ever going so far as to 
produce a columnar structure. It occurs in many granites 
and perhaps in most traps, but it is rarely to be detected ex- 
cept upon surfaces which have been long weathered. 

IIL Planes op Cleavage. — The structure, characters, and 
origin of cleavage-planes are of the greatest interest and im- 
portance; and few subjects require greater practical experi- 
ence in the field than to distinguish readily and with certainty 
between cleavage and lamination. Cleavage-planes — like the 
planes of foliation — are what are called " superinduced'' planes 
of division. That is to say, they are not original divisional 
planes, connected with the mode of formation of the beds, like 
the planes of stratification and lamination ; nor are they merely 
resultant upon the passage of the beds &om an incoherent to 
a solid condition, like the planes of jointing. They are super- 
induced w^xx the rock ixt some time, subsequent to its d^osi- 
tion and solidification y and as a rule they altogether ignore 
and disregard all the original divisional planes. As the 
cleavage-juanes are thus superinduced, it follows that they 
occur most commonly in metamorphic rocks, or in the older 
stratified rocks which have been subjected to the greatest 
changes since the time of their original deposition. Cleavage, 
however, may, and does, occur in rocks of all ages. 

By chavage—or^ as it is sometimes called, " slatyc leavage" 
— ^is understood a tendency of any rock to split into an in- 
definite number of thin layers or plates, which have a certain 
definite direction over wide areas, wholly independent of the 
original lamination or stratification of the rock. Cleavage 
differs from jointing in this : The mass of rock included be- 
tween any two joints has no tendency whatever to split again 
in a direction parallel to the planes of the joints ; whereas in 
a cleaved rock the mass is capable of being indefinitely split 
or subdivided in the direction of the slaty cleavage. As a 
rule, not only do the icleavage-planes altogether ignore the 
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original lines of lamination (Fig> SO) ; but tbe result of cleav- 
age is positively to seal up the original planes of deposition. 
A cleared rock will not only split most easily in the direction 
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of the deavaae-planes, but it is impossible, or very difficult, 
to get it to split along the original lines of lamination. The 
original layers of deposition may, nevertheless, be usually 
detected without much difficulty. In the case of fossiliferous 
cleaved rocks, they may usually be made 
out by the occurrence of lines of fos- 
sils. In the case of ordinary rooiing* 
slate, in which this test is useless, the 
original lines of bedding or lamination 
are marked by a number of parallel 
stripes, some of which are lighter, and 
others darker, than the general mass ; 
while they differ from one another in 
grain and texture. This constitiltes 
what was termed by Sedgwick tiie 
"stripe" of the slate (Fig. 21). 

llie finer grained any rock may 
be, the closer and more regular are 
the planes of cleavage; the coarser 
the rock, the fidnter, wider apart, 
and more irregular are the cleavage- 
planes. It follows from this that 
cleavaire ia only seen in its hiirhest _ „ „ 
perfection m the finer argillaceous ftnm the outh of EngUnd. 
rocks, such as shale ; though tt occurs JJ* ";?,|f V'™!itl^T"f 
also in sandstones and hmestones, and pbam tt oiesTsge. The M<a 
is often well developed in volcanic or ^^^^' ^A^e 'Lt'origi^ 
trappean ashes. The moment, how- *■" of i»m|ii«t»ii. Th« •!«■ 
ever, that a shale is subjected to tw«i)«i -^aiur hy vhich 
cleavage it ceases to be a sAofe, and S^u^pi^ """ '*" 
becomes properly a elate. The term 
*' slate " is o^n loosely applied, but it ought to be restricted 
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to cleaved rocks ; though what is comm^rciallj called slate is 
often obtained from stratified rocks which are not cleaved. 
The* best roofing-slates, however, such '[ as ^he Welsh slates, 
are cleaved rocks ; and . the flat surfaces of the slate are not 
the original layers of the rock, but are planes of cleavage, and 
gefteraUv cut the original laminae of deposition at high angles. 
The remaining phenomena with regard to cleavage which 
require notice, are these : " • 

a. The direction of the cleavage-planes is generally con- 
stant in any given district, retaining ^the same general direc- 
tion, or "strike," over widely-extended areas, and through 
whole mountain-chains. 

b. The cleavage-planes, as already remarked, generally dis- 
regard the original lines of deposition. As a matter of chance, 
the planes of cleavage may happen to coincide with the bed- 
ding ; but, as a rule, they maintain a steady direction wholly 
iri^spective of the original stratification or of subsequent con- 
tortions of the rocks (Fig. 20). 

c. The general direction, or "strike," of the cleavage- 
plaiies usually agrees more or less closely with- the strike of 
the stratified rocks of the district; but the inclination, or 
" dip," of the cleavage-planes is altogether independent of the 
* dip " of the beds. 

d. Lastly, in all cases where the cleavage-planes are well 
developed, they can be shown to have produced a fresh ar- 
rangement of the minutest' particles of the rock through which 
they pass. Thus, if a fine-grained slate be carefully examined, 
it is found that all the longer particles of the rock are lying 
with their longer axes coinciding with the dip Of the cleavage. 
This rearrangement is shown more obviously in cases where 
the cleaved rock contains fossils. In all such cases it in- 
variably happens that the fossils are distorfedy being length- 
ened or drawn out in the direction of the cleavage, and con- 
tracted in the opposite direction, or at right angles to the 
deavage. 

Obigin of Cleavags. — ^By Prof. Sedgwick, who was the 
first thoroughly to examine the phenomena of the slaty rocks, 
cleavage was referred to the action of crystalline or " polar " 
forces, acting in given directions upon large masses of a near- 
ly homogeneous mineral nature. Recent experiments, however, 
appear to have demonstrated that cleavage is the result of 
great compression of the rock, exercised laterally ^ or in a di- 
rection at right angles to the direction of th^ cleavage-planes 
themselves. The effect of this powerful lateral pressure is to 
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compress all the particles of the rock in a direction at right 
angles to the cleavagerplanes, and to pull them out or lengthen 
them in the opposite direction, or in the same direction as the 
cleavage. The result bf this is, that the whole mass cleaves or 
splits in a direction *at rigl^t angles to the line in which the 
pressure is exerted. A ftirther result of the pressure which 
produced the cleavage is, that the cleaved rock is condensed 
and compressed to an amount averaging about one-half of its 
original volume. • 

The correctness of this theory as to the origin of cleav- 
age has been shown by actual experiment. Thus, Mr. Sorby 
showed that if a mass'of clay were taken and mixed confused- 
ly with a number of scales of oxide of iron, and if the whole 
were then reduced to half its original volume by pressure, the 
entire mass would exhibit cleavage in the most perfect man- 
ner, splitting with great ease in a direction at right angles to 
the line in which the pressure had been applied. Not only so, 
but the particles of oxide of iron were found to have arranged 
themselves so that their longer axes universally coincided 
with the direction of- the cleavage. Subsequently, Dr. Tyn- 
dall showed that pressure alone would produce cleavage in 
perfectly homogeneous substances, without the presence of 
particles having flat surfaces, such as scales of oxide of iron. 
Fure clay or white wax thus submitted to pressure became 
perfectly cleaved, splitting indefinitely into thin laminse in a 
' direction at right angles to the line in which the pressure had 
been applied. There can, therefore, be no hesitation in ac- 
cepting the theory as to the origin of cleavage in consequence 
of lateral pressure. The cause of this lateral pressure will be 
spoken of in considering the cause of contortions and faults. 

IV. Foliation. — ^The last class of divisional planes of 
rocks comprises what are known as the planes of " foliation." 
Foliation, yke cleavage, is a superinduced structure, brought 
about upon the rock at some period subsequent to its deposi- 
tion or solidification ; and it is only known to occur in rocks 
which either belong to the metamorphic class, or can be 
shown to have been locally metamorphosed by some neigh- 
boring mass of melted rock. In many respects foliation agrees 
with cleavage. The planes of foliation are divisional planes 
along which the rock can be split, and which preserve a uni- 
form direction over more or less extensive areas, wholly in- 
dependent of the original lines of stratification or lamination. 
in a cleaved rock, however, there is no perceptible mineral 
distinction between one cleavage surface and another, or only 
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rarely, and then to a limited extent. In a foliated rock, on 
the other hand, the rock is positively separated into a number 
of thin layers otfolia^ which differ from one another in min" 
erdl composition. Gneiss, for instance, is a foliated rock, and 
it consists of a number of thin layers of quartz, felspar, and 
mica, alternating with one another indefinitely. As regards 
nomenclature, while a cleaved rock should always be spoken 
of as a " slate," or a " sl4ty " rock, a foliated rock should al- 
ways be termed a " schist " (Gr. schizo^ I separate). The term 
*•' schist," however, is sometimes loosely applied to rocks which 
have no foliated structure.* 

The planes of foliation may accidentally coincide with the 
original lines of lamination, or bedding, but, as a rule, they 
resemble cleavage-planes in being wholly independent of the 
original stratification of the rock. The planes of foliation^ 
however, in a given region very often agree in direction with 
the cleavage-planes of other rocks in the same district. This 
fact has led to the opinion that foliation is merely a further 
development of the process of cleavage. This view was origi- 
nally put forth by Sedgwick, and has been supported by 
Darwin in his observations on the metamorphic rocks of South 
America. It is difficult, however, to see how any amount of 
pressure could produce a rearrangement of the mineral par- 
ticles of the rock, such as we see in foliation ; while there is 
every reason to believe that cleavage is produced by pressure 
alone. Accordingly, Sir Charles Lyell and Mr, David Forbes 
both reject the view that there is any necessary connection 
between foliation and cleavage ; though it cannot be said that 
any generally applicable explanation has been advanced in 
its stead. 



CHAPTER Xn. 



CHABA.CTBBS OF AQUBOUS BOCKS IN THB SIBLD. 

Having now considered the four great classes of rocks as 
•regards their mineral characters, structure, and origin, we have 
now to consider the phenomena which they present when 
studied in the field. It is hardly necessary to remark that the 
aqueous rocks are from this point of view by far the most im- 
portant, and will claim the greatest part of our attention. 

Any formation or group of stratified rocks may consist of 
a single species of rock, or of various different kinds arranged 
in alternating beds. ' Thus we occasionally find a series of 
beds, of many hundreds or even thousands of feet in thickness, 
composed throughout of similar materials, shale, limestone, 
conglomerate, or sandstone. More commonly, however, the 
vertical thickness of any bed or group of beds is not so great, 
and strata of shale, sandstone, and limestone, alternate with 
one another with tolerable rapidity. 

Z/CUeral Extent of Beds. — Sometimes we meet with a par- 
ticular bed of rock which is continuous, and preserves the 
same characters, over very considerable areas. As a rule,* 
however, if we are able to follow out any particular bed, we 
find that it begins in time to diminish in thickness, and ultir 
mately ceases to exist altogether (Fig. 22). This is what is 
called technically the 'thinning out'' of a bed. Each indi- 
vidual stratum, therefore, in any group of beds may be regard- 
ed as an unequal mass, thickest in the centre, and gradually 
thinning out in all directions toward the circumference. What 
occuns in the case of a single bed, holds good in the case of 
any particular aggregation or group of beds which we may 
choose to take. Any group of beds is continuous over a cer- 
tain area (and the larger the group of beds is, the laiger will 
be the area over whidi it is likely to be spread), but, however 
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extensive this area may be, the group will be found ultimately 
to thin out. What commonly occurs in any group or set of 
beds is this : If we follow the group for any distance, we find 
that its characters gradually change by the* thinning out of 
particular beds and the intercalation of others of a different 
mineral nature (Fig. 22). The ultimate result of this process 
is, that we get a group of beds which are the geolc^cal equiva- 
lent of the beds with which we started, but which differ alto- 
gether in their nature. An excellent example of this is afforded 
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Fio. 22. — ^Diagram to Uliistrata the^thinning out of beds lateraUy. The beds at a are the 
equivalent of the beds at &, but the two are 'wholly different in nature. 

by the Carboniferous limestone of England, and the changes 
which it undergoes in passing from the south northward. In 
ths south of England the Carboniferous limestone is a great 
mass of pure limestone, over one thousand feet in thickness, 
and not exhibiting a single bed of sandstone or shale. As we 
go northward, the beds of limestone thin out gradually, and 
beds of sandstone, grit, or shale, begin to be intercalated ; till, 
when we reach the north of England, we find the formation to 
be composed of alternating limestones, sandstones, and shales, 
with a few thin bands of coal, the limestones still bearing a 
considerable proportion to the whole mass. Proceeding still 
farther northward, the limestones go on thinning out, till, in 
Central Scotland, the Carboniferous limestone consists essen- 
tially of a great series of sandstones and shales, with thick and 
workable beds of coal, while the limestones are reduced to a 
few comparatively insignificant bands. Still, the series is the 
geological equivalent of the great calcareous mass which rep- 
resents this formation in Southern England * 

Original Horizontalitt of Stoata. — ^The under and 
upper surfaces of any given bed are always approximately 
parallel to one another. This arises from the feet that, when 
the bed was in process of deposition at the bottom of the sea, 
the particles of sediment were driven by the motion of the 
water to settle in all the hollows and depressions of the sur- 
face, where they were least liable to be disturbed by any mov- 
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ing force. For the same reason all stratified beds have been 
origmally deposited in a horizontal position, or approximately 
so. As will be seen, however, it is rare at the present day to 
find stratified rocks in their original horizontality. They are 
mostly found now to be " inclined," that is to say, they have 
been acted upon by subterranean forces, and have been tilted 
up, so as to be inclined to the horizon at angles varying from 
the perpendicular to nearly absolute horizontality. 

DiAGONAEr OB Oblique Lamination. — ^As a rule, the lami- 
nae of any given stratum are parallel to the under and upper 
surfaces of the stratum. There are cases, however, in which the 
laminae of deposition hold a different position, oblique to the 
general planes of stratification (Fig. 23), and the direction of 
the laminae in one stratum may be wholly different from their 
direction in the contiguous beds. These cases are spoken of 




Fia. 23.— Section of fiilM-bedded sand In fhe greenaand-formatlon in 

Bedfordshire, England. 



as cases of " diagonal stratification," " oblique lamination," or 
" false bedding." The phenomenon is a common one among 
sandstones or sands, and is due to the fact that the beds were 
deposited as shifting sand-banks by means of currents which 
were constantly changing in direction, and probably in strength 
as welL False bedding is chiefly of importance as being liable 
to be mistaken for true stratification in the field. In a small 
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section it may be impossible tp say whether the planes are 
those of true or diagonal stratification ; but, when several seo- 
tions are compared over a considerable area, there can be lit- 
tle difficulty in determining which of these is really the case. 
From its mode of production, it follows that false bedding only 
occurs in rocks which have been laid down in shallow water. 

RiPPLE-MABK. — ^Another common phenomenon of the de- 
posits of shallow seas is " ripple-mark " (Fig. 25). In its ap- 
pearance and structure this is in every respect identical with 
the rippled appearance and structure of the rippled surface 
which occiu*s upon every sandy sea-shore. It is produced 
in all cases by the passage of moving water over incoherent 




Fia. 24. — Diagram to illustrate the formation of ripplermark. 

sand. The action of the water tends to pile up the sand in 
little ridges (Fig. 24), which are constantly advancing on one 
another, in consequence of the grains of sand being succes- 
sively pushed up the long and gentle slope a, b — c, d^ till they 
roll over down the short ^nd abrupt slopes, 5, o--d^, e, where 
they are temporarily undisturbed and protected. The preser- 
vation of ripple-mark is due to the fact that, when the tide 
retires, there may be sufficient time for the ripple-ridges to 
partially consolidate, and the returning tide may not destroy 
them, especiaUv if they are covered with a fine film of clay. 
On the other hand, the returning tide may bring sufficient 
sediment to cover up and thus preserve the ripple-mark of the 
former tide. Ripple-mark is seen in many sandstones, and is 
often preserved in great perfection. Like diagonal stratifica- 
tion, it implies that the beds which exhibit it were deposited 
in shallow water. 

Often accompanying ripple-mark is a structure known by 
the name of "desiccation cracks." This consists in the pres- 
ence of little ridges which cross the surface of the stone in 
every direction. These are produced in consequence of the 
original siu'face of mud or sand having been exposed to the 
heat of the sun for a sufficient length of time to allow of its 
shrinking and cracking in various directions, just as may be 
seen any day in a mass of mud allowed to dry, "With the re- 
tium of the tide all the cracks produced in this way are. filled 
up by the sediment which it brings la ; and the result of this 
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18 ultimately to produce in the stone a system of solid inter- 
lacing' ridges in place of a system of cracks or open Bssures. 
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Kot uncommon also in fine>^jained sandstoDes or shales 
are rain-prirU*, the memorials of ancient sbo\rers. These 
are produced under exactly the same conditions as ripple- 
mai^ and desiccation-cracks, and are preserved in the same 
vay. They are produced, namely, upon reaches of sand or 
mud, vhicD ^re uncovered by water for a sufficient length of 
time to allow of their partial consolidation before they are 
sf^ain submei^ed. They appear in the rock in the form of 
pits or rounded depressions, each of which has been produced 
111^ the foiling of a single drop of rain. 

Pbesbnt iNCUNATioif OF Stbata. — As aJready remarked, 
all stratified rocks were originally deposited in a horizontal 
position, but most of them in the process of elevation to their 
present situation have been tilted, so that we find them now 
inclined at various angles to the plane of the horizon. In 
speaking of inclined strata there are several terms which re- 
quire to be expUined. 
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When a stratum or bed of rock is not perfectly level, but 

is inclined to one side or other, it is said to dip (Fig. 26). 

The inclination of the bed 

U __N downward into the earth is 

called its ^' dip," the amount 

of this inclination is called 

the "angle of dip,'* and the 

direction in which the bed is 

. ^. . «. x_ . x^ ,. - inclined as regards the point 
no. 2«.-iM-«^ to mv.^ the dip of ^^ ^^^ ^^p J^ .g called the 

"point of dip," or the direc- 
tion of the dip. Thus, in the annexed diagram (Fig. 26), the 
strata are inclined to the horizon at an angle of forty-five de- 
grees, and they dip toward the north ; or, in a shorter form, 
the beds dip N. Z 45^ 

As inclined strata " dip" or descend into the earth in one 
direction, they necessarily approach the surfewje or "rise" in 
the opposite direction. The place at which an inclined stratum 
actually comes out at the surface of the earth is called its " out- 
crop" or " basset." The line of ouicrop of any given bed or 
beds, or the line at which it would appear at the surface, sup- 
posing that surface to be level, is called the strike or " line of 
bearing " of the bed, or simply its direction. The line of strike 
of an inclined bed is invariably and necessarily at right angles 
to the dip. If, therefore, a bed dips due east or west, its 
strike will be north and south, and vice versa^ if it dips north or 
south, it will strike east and west. When ^e once know the 
dip of any bed, we know at once its line of strike, and can.tefl 
exactly where it ought to reappear, supposing that it is not 
interfered with by any interruption. The reverse of this, how- 
ever, does not hold good; and, if we only know the strike of a 
bed, we cannot be absolutely certain as to the dip, either as 
regards its direction or its amount. If we know, for instance, 
that certain beds strike east and west, we know that they 
must dip at right angles to this ; but they mav dip either to 
the north or to the south, and they may be mdined to the 
horizon at any angle. Whenever beds have no inclination, or 
are perfectly horizontal, it also follows as a matter of courW 
that they have no strike, since they have no dip. When, 
again, beds are vertical or perpendicular, they have a strike, 
and they are said to dip at ninety degrees ; but they do not 
dip in any particular direction. Their strike may be in any 
direction, but, so long as they are strictly vertical, they can- 
not dip to any point of the compass. 
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In all cases of inclined beds (Fig. 27), it follows, as a mat- 
ter of course, that so long as we walk in the direction of the 
dip, we must be getting constantly on to higher and higher 
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beds. When we rererse our course, and walk in the opposite 
direction to the point of dip, we are constantly coming upon 
lower, and therefore older, strata. 

CuBTED SiBATA. — ^When strata are eiinply inclined to the 
horizon at any angle, theb dip and strike may be readily 
made out, and thm? may easily be mapped and followed 
across a country. In most cases, however, in Nature, neither 
the dip nor the strike remains constant over any considerable 
area. This is due fo the fact that most strata in the process 
of reaching their present eituation have been more or less bent 
and curved ; so that they now form portions of curved sur- 
fiv^es, instead of forming straight lines and planes. 

When these curves are on a sufGciently small scale to be 
visible in a single section (Fig. 28), the beds are simply said 
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to be "contorted-" or "flexured." In these cases, though the 
contortions may be repeated in small spaces with considerable 
rapidi^, there is generally little diSoulty in making out the 
general dip of the whole set of beds. 

When the curves of the beds cease to l>e upon a small 
scale, and are more extensively developed, they are no longer 
spoken of as " contortions," The two chief forms of these 
major curves are of great importance, since they are of oon- 
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stant occurrence ; and tlie j are known as antidincU and synr 
clinal curves. 

When a group of strata is bent into a curve like a saddle, 
with its convexity turned toward the surface of the earth, we 
get what is called an anticlinal curve (Fig. 29). The centre 




Fio. 29.— Diagram of an anticUnal cnrre. 

of this curve is formed by an imaginary line, called the " anti- 
clinal axis," and the beds necessarily dip in opposite direc- 
tions on both sides of and away from this line. In any undis- 
turbed anticlinal curve, therefore, there is necessarily a repeti- 
tion of the strata forming the saddle, and the same beds are 
found on both sides of the central line. If we commence al- 
together outside the anticline, and walk toward its centre, at 
first we pass from newer to older strata, and we find the beds 
constantly dipping in the opposite direction to that in which 
we are ourselves moving (Fig. 29). When, however, we reach 
the centre of the curve, and cross the anticlinal axis, this state 
of things is reversed. We find now the same strata, dipping 
in the opposite direction to what they were before, or in the 
same direction as that in which we are moving. Not only is 
this the case, but the order of the strata is reversed, and we 
are now passing constantly from older to newer strata. 

When an anticlinal curve is arranged not in reference to a 
line or axis, but to a point, we have what is called a dome- 
shaped elevation, from the centre of which the beds would dip 
away in every direction. In this case the strata are said to 
have a qua-qua^ersal dip. 

A syndinal curve is exactly the opposite of an anticline. 
When the strata are so folded, or curved, as to form a trough, 
the concave side of which looks upward, we have what is 
called a synclinal curve (Fig. 30). The imaginary line which 
forms the centrrf of the curve is spoken of as the " synclinal 
axis ; " and the beds necessarily dip inward toward this line 
upon both sides. In a synclinal curve, therefore, we have 
a repetition of the strata on both sides of the axis of the 
curve, but in a reverse manner to what occurs in an anticline. 
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In the latter the strata dip away from the axis, so that the 
oldest beds are in the centre of the curve, and the higher and 
newer beds are removed farthest from the centre. In a syn- 
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Fig. 80i~DlagTam of a Byndiiui] conre. 



clinal curve the strata on both sides of the axis are the same, 

but dip toward the central line ; so that the lowest and oldest 

strata are those farthest removed from the axis, and the 

newest beds are those in the centre of the curve. In walking, 

therefore, across any S3mclinal curve, 

the beds at first dip in the direction 

we are moving, and we find ourselves 

constantly passing from older to 

newer beds. When we have crossed 

the central axis we have the same 

beds over again, but they now dip in 

the opposite direction to that in 

which we are walking, and we find 

ourselves constantly passing from 

newer to older beds. 

When the beds of a synclinal are 
arranged in reference to a single point 
instead of a line, we have a basin- 
shaped depression, in which the beds 
dip upon all sides toward the centre. 
In other words, the beds have a quor 
qucxrverscU dip toward the central 
point of the basin. 

As regards the causes of contor- 
tions and curves, the most general 
cause must be lateral pressure, crum- 

1t_Tj.i * ••*i^ji- Fio. 81. — ^Dlafirram to illustrate the 

tne lateral pressure requisite for this ibrmatiiSofcontortiaDa. 
is not altogether clear; but it has 

been ascribed to the forcible injection of melted rock into fis- 
sures in the earth's crust, or to unequal ^mpvementf c^ sub- 
sidence. A very simple, and apparently a(teq^te^8xp)^^tion 
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has, however, been given by Mr. J. M. Wilson, of Rugby, who 
ascribes contortions to the subsidence of large areas of the 
crust of the earth. If, namely, we consider a portion of the 
crust of the earth, a, bj c, and imagine it to sink slowly to the 
position indicated by the dotted lines in Fig. 31, it is perfect- 
ly clear that in so doing its curvature must be reduced, and it 
must, therefore, be laterally compressed. In this way, the 
weight of the sinking mass generates sufficient power to 
crumple up the rocks, so as to accommodate them to their 
more confined position. 
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CHAPTER Xm. 

UNCONFOBMABILITY AlO) FAULTINa 

Unconpobmabilitt. — ^When tlie beds of any group of 
stratified rocks, or of any two groups, have been continuously 
deposited, so that they succeed each other regularly without 
any break or interruption, they are said to be conforrnahle. 
When, on the other hand, there are indications that a break 
has occurred between the deposition of one set of beds and 
the formation of the beds which immediately succeed, then 
the upper beds are said to be unconformable to the lower. 
The most general definition of unconformability which can be 
given is that when '^ the base of one set of beds rests in di£fer- 
ent places on different parts of another set of beds, the two 
are unconformable to one another " (Jukes). It follows, from 
this definition, that the essential element of unconformability 
is, that the lower set of beds shall have been more or less de- 
nuded or worn away before the formation of the upper set ; so 
that the upper beds rest upon an imeven and eroded surface 
formed by tiie lower beds (Fig. 32). 




Ite. 82.— TTnoonformable junction of conglomerateA of Old Bed Sandstone 
with Silarian Slates, near St Abb^s Head, Berwickshire. 

It does not necessarily result that there is any discordance 
between two unconformaole groups of beds as regards their 
inclination, especially if both sets are pretty ^es^ly.hc^^ntaL 
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If the two groups of beds are perfectly horizontal, it can still 
generally be shown that the lower beds have had a fresh sur- 
face formed upon them by denudation before the upper beds 
were laid down upon them. It could, therefore, be shown 
that the lowest bed of the upper set rested in different places 
upon different parts of the lower series (Fig. 33, A). If the 
strata are inclined, and not horizontal, there would usually, 
but not necessarily, be a difference in the direction of the dip 
of each set, though this might be very difficult or impossible 
to detect in a much-disturt>ed districts However slight this 
difference might be, it would, however, cause a difference in 
the strike of the two sets of beds, and the result of this would 
be that the upper set of beds would "overlap" the lower; 
that is to say, if followed far enough, the upper beds would 
be found to rest upon different members of the lower group 
(Fig. 33, B). 




Fig. 88. — ^A, Section of nnoonlbrmable strata, In which the incUnatioii of the two sets <^ 
beds is the same ; but the upper beds are seen to rest upon an eroded and denuded 
Burikce of the lower beds. B, Oround-plan of unconformable strata, in whldi there is 
nnoonfonnable overlap in oonsequenoe of a slight difference in the direction of the dip 
of the two groups. The arrows Indicate the dhrection of the dip. 



As a very general rule, however, when unconformability is 
present, the upper and lower sets of beds are also discordant 
with one another as regards their general inclination or dip 
(Fig. 3S). The common thing is to find that the lower group 
of beds has been uptilted, so that its strata now dip at hign 
angles ; that these have been planed down by denuding agents 
to an approximately level surface ; and that the upper beds 
have been deposited upon the surface thus formed, in such a 
manner that their dip is much lower and quite different to that 
of the inferior series. 

The sequence of phenomena indicated by this, the com- 
monest case of unconformability, is this : Firstly y the lower 
beds were originally deposited in a horizontal position at the 
bottom of the sea. Secondly^ at some time subsequent to 
their deposition they were raised above the level of the sea, 
in whic^ process^ they were prohably tilted from their former 
horizob!^ |]fcti^i^nf and certainly underwent so much erosion 
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and denudation that they were worn down into a level or 
nearly level surface. Thirdly^ they were again submerged 
beneath the sea by a process of subsidence. Fourthly^ fresh 
beds of a different and later age were deposited upon* their 
upturned edges, so as to be altogether discordant in position 
and inclination. Fifthly^ and lastly, the whole series com- 
posed of the two unconformable groups was again elevated 
above the sea, so as to occupy the position in which we now 
find it. 

In iid cases, therefore, the mere isx^ of unconformability 
indicates the lapse of an almost inconceivable interval of time, 
during which the processes just described took place. Even 
in cases where the two unconformable groups do not differ 
much in geological age — as where Upper Silurian strata rest 
unconformably upon Lower Silurian beds — ^it is difficult to 
over-estimate the lapse of time indicated by the line of uncon- 
formability. Still more vast must be the interval when we 
find strata of different geological formations in unconformable 
junctipn, as, for instance, when rocks of Devonian or Carbo- 
niferous age repose upon strata belonging to the Silurian sys- 
tem. And the imagination fails to grasp the period repre- 
sented by the unconformable juxtaposition of the Palaeozoic 
and Tertiary formations. In many cases the vastness of the 
time indicated by unconformability may be to a limited extent 
deduced fiom what we find has been going on elsewhere dur- 
ing the same period. When, for instance, we find Carbonifer- 
ous rocks reposing unconformably upon Silurian rocks, we can 
form some idea of the interval indicated by this, when we 
know that elsewhere durins: the period represented by the 
mere line of uriconformabUitj were deposited the odd fi'heen 
thousand feet of strata which make up the Old Red Sandstone, 
a formation which is properly intermediate between the Car- 
boniferous and Silurian systems. Even without this evidence, 
we should know that a vast interval must have elapsed ; for 
we should find that the period indicated by the line of uncon- 
formability had been sufficiently long to allow of a complete 
revolution in the life of the globe. We should find, namely, 
that the animals which peopled the Silurian seas had disap- 
peared, and that their places were taken in the Carboniferous 
beds by a totally different group of organisms. 

A common accompaniment of unconformability, though 
one by no means necessarily present^ is to find a bed of con- 

flomerate at the base of the upper group, containing pebbles 
erived from the beds of the lower group. Thus, if we found 
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conglomerates of the age of the Upjper Old Bed Sandstone 
resting unconform'ably upon Silurian strata, wp should find 
that the pebbles in the conglomerate would be of Silurian 
age. • This indicates that, when the lower beds were elevated 
«bove the sea, they were worn down into great beds of shin- 
gle, and that these constituted the first strata of the upper 
group, which was ultimately deposited upon the upturned 
edges^ of the blder set. 

OvBBLAP. — ^As has been already pointed out, unconforma- 
bility is generally accompanied by what is called " overlap ; " 
that is to say, by the extension of one set of beds beyond the 
ends of another set, so that the upper beds come successively 
to rest upon different strata of the lower group (Fi^. 33, B). 
This, however, may occur without any unconfonhability, or 
without any previous denudation, in cases where the lower 
group of beds has been from the beginning a mere local de- 
posit of very limited extent. Thus, the Carboniferous lime- 
stone (Fig. 34, a) is a very widely-extended deposit, which is 
always conformable to the Upper Old Red Sandstone, when 
the two occur together. The latter, however (Fig. 34, ft), is a 
very local deposit, and has often been laid down in patches 
which may be of considerable thickness in the middle, but 
thin out rapidly in all directions. It commonly occurs, there- 
fore, that the Carboniferous limestone overlaps one of these 




Fia. M.-^'Oround-pkM^ ebowtng fhe Carboniferoiu Hmestone (a) overlapping * patch of 
Upper Okl Bed Sandstone (6), and ooming ulttanately to rest direcuy upon SUnrian 
strata («). The arrows show the dip. a and b are both unconformable to c 

patches of Upper Old Sandstone, without there being any 
unconformability ; since, when the latter has completely 
thinned out, the Carboniferous limestone comes, of necessity, 
to rest upon the beds below the Upper Old Red Sandstone, 
which beds will probably be of Silurian age. 

FAULTS. 

We come now to the very important subject of what are 
known to geologists as/attUa or dieloccOionSf the ^^ troubles " 
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and ^ shifts " of the practical miner. It has long been recogw 
nized that there is some kind of connection between those 
fissures and cracks in the focks which constitute faults, and 
the existence of bondings and contortions of the strata. When 
the beds have been much folded and contorted, there are 
usually few fissures of much magnitude, and when the rocks 
have been much fissured, there are generally few contortions. 
It is as if the yielding and bending of the rocks under pressure 
obviated the necessity of their breaking; and when they 
would not bend, they were forced to break instead. As 
already remarked, it has been suggested by Mr. Wilson that 
contortions are the result of the sub^dence of a curved area 
of the eafth^s crusts The same observer brings flexures into 
close connection with faults, by further suggesting that faults 
are the result of the elevation of a curved area of the earth's 
surface. This view is explained .by the following diagram 
(Fig. 35). If the portion of the earth's crust A B ]^ elevated 
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Fio. 85.— Diagram to fflnstrnte Che prodnctloii of flniltB (after Mr. J. H« Wflson). 

80 as to assume the more curved form C D, it will be fissured 
in various places. The masses a and d^ marked out by these 
fissures, wul be pushed up, but the increased space between 
them will be occupied by the sliding down of the masses b and 
e. This view seems to explain fully the production of faults, 
and has the merit of extreme simplicity. 

KfavU or dislocation is a fissure or crack in the crust of 
the earth accompanied by the elevation of the mass upon one 
side of the fault, while the other side remains stationary or 
sinks down. The strata, therefore, upon the two sides of the 
fault are shifted in position (Fig. 36), and no longer are con- 
tinuous or coirespond with one another. If, then, we were 
following any particular bed, such as a bed of coal (a), we 
should find that its level would be changed! where it was in- 
tersected by a faulty and that it would be placed lugher upon 
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one side of the fault tban upon the other. The amount of 
difference in the position of any particular bed upon the two 
sides of a fault, measured vertically, constitutes the "throw" 




Fio. 86.— Difigram of ikaltod and displaced strata.-// Faults. 

of the fault ; and this throw may vary in amount from a few 
inches up to many thousands of feet. It need hardly be said 
that, when the throw of the fault is great, it is not merely a 
displacement among the bed^ of a particular formation, but 
wholly different fonnations may be brought in contact with 
one another. In Fig. 37, the line a h shows the " throw " or 
amount of displacement effected by the fault, as measured by 
the distance between the separated portions of the bed e. 




Fio. ST.^Dlagram of a ftntt.-^ Fanit; a &, Throw of the llniK; « ^ Sliifted bed; «^ Up- 

fhrow side of ftolt; <2, Downthrow side of fiuilt 



The side of the fault upon which the beds are elevated (Fig. 
37, c) is called the " upthrow " or "upcast" side of the fault ; 
and the side of the faiilt upon which the beds are depressed 
{d) is the "downthrow" or " downcast " side of the fault. 
The direction or dip of a faiilt varies a good deal. Cbmmonly, 
a fault is verticaL When inclined from the perpendicular, 
there is one constant rule. The fault dips, or " hades," as it 
is properly called, in the direction of the downthrow, or under 
the downcast beds. A reference to Figs. 36 and 37 will 
show the obvious reason of this, namely, that the upthrow 
side of the fault could not be elevated if the " hade " of the 
fault were directed toward it. 

The exact line of fault, or, in other words, the original 
crack along which the strata yielded, is rarely or never seen 



UNOONFORMABILITY AND FAULTING. 106 

now in the form of an open fissure. Either the two sets of 
beds on the opposite sides of the fault are now in close con- 
tact ; or, as commonly happens, the original fissure has been 
CQjnpletely filled up by the broken-down debris and rybbish 
produced by the grinding against each other of the two sides 
of the fault ; or, lastly, the fault may be filled up with mineral 
matters of various kinds, constituting mineral veins, or 
" lodes," whit^ tnay contain various metals, or may be simply 
composed of spars of different kinds. It is also readily in- 
telligible that the rocks in the immediate vicinity of any large 
fault are comj^letely broken up, and disturbed in every, pos- 
sible manner. Not only is this the case, but the faces of the 
fault itself and the rocks near it are generally polished and 
grooved, in consequence of the enormous pressure and friction 
to which they have been exposed. This polished and striated 
appearance of the rocks near a fault is known to geologists by 
the name of " slickensides." 

In practice, the phenomena presented by a fault vary a 
good deal from what might be expected from merely theoreti- 
cal considerations. Theoretically, the upthrow side of any 
fault ought to form a precipitous hill, while the downthrow 
side womd constitute a plain or a depression (Fig. 38). In 




Fie. 88.— A, S«etkm of a fltnlt, sbowtnff the upthrow ride only parttBlIy denuded and still 
devated abore the downthrow sme. B, Section of a fiiolt, Bhowingr the upthrow side 
completely planed down. The dotted lines show the amount removed by denudation. 

all cases, in £Eict, the upthrow side must be elevated above the 
downthrow side, unless some external agency interfere with 
this state of things. In practice, however, it is not common 
to find the upthrow side of a fault remaining in this wav as a 
precipice or mountain ; though such cases do occur. In by far 
the greatest number of cases the country upon the two sides 
of the fetult has been reduced to one uniform level by the de- 
nudation of the upthrow side during its slow elevation ; so 
that there is not now the smallest indication upon the surface 
of any dislocation of the rocks (Fig. 38, B). In these cases, 
therefore^ the chief guide which enables us to discover the 
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fkult is the finding a line with altogether different strata 
upon its two sides, or with the same strata repeated with the 
same dip (Fig. 40, A). If we can get anywhere nelir the exact 
line of ^ult, we find ^^ slickensides," along with traces of that 
breaking up of the beds which necessarily accompanies every 
large fault. If the beds upon the two sides of the h,vlt belong 
to the same formation, and if there is no disturbance of the 
dip, it may be very difficulty or impossible, to make out the 
fault at the surface of the country. In large faults, however, 
the beds on the two sides of the dislocation will belong to 
different parts of the same formation, or to altogether different 
formations. Thus, the coal-measures, for example, may be 
*' brought down" by a large fault against the lower Carbo- 
niferous rocks, or against beds of the Old Bed Sandstone, or 
even against Silurian rocks. 

Another phenomenon which enables us to detect a fault 
traversing inclined beds is what is known as the ^^ lateral 
shift" in the outcrop of any particular bed upon tne two sides 
of the fault ; though it is, perhaps, impossible to render this 
clear by any verbal description. la the first place, no altera- 
tion in the line of outcrop can be produced by any fault, ex- 
cept by those which run across the strata, or more or less at 
right angles to the strike of the beds. JBven in these cases no 
change is produced in the outcrop' of the faulted beds, if their 
inclination be vertical In this case^the fault, however great, 
simply causes the beds to slide up and down upon one an- 
other, and, when the two sides of the fault are cut down to the 
same level, the beds are seen to cross the fault with an un- 
broken hne .of outcrop. It is almost impossible, therefore, to 
detect faults in vertical strata, whatever their magnitude may 
be. If the beds, however, are inclined, but are not verticu, 
there is a ^^ lateral shift " in the outcrop of the beds at the 
point where they are crossed, by a fault If we follow a par- 
ticular bed across a dislaict, its line of outcrop will be found 
to agree with the strike of the beds, and will be continuous, 
if there be no fault. This is shown in Fig. 89, A, where the 
dotted lines indicate what would be the outcrop of the bed a, 
if it were not crossed by faults. It must be remembered that 
this figure is a ground-plan^ and not a section^ If, howev^ 
the bed a be crossed by a fiiult, its line of outcrop is shifted 
laterally, and is found out of its true line of bearing upon the 
opposite side of the fault. The practical rule about this shift 
is, that the beds will be shifted in the direction of their dip 
upon what was the upthrow side of the fault. That is to say. 
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if a bed dipping south, and striking east and west, be crossed 
by a north and south faulty its line of outcrop will be shift- 
ed to the* south upon the upcast side of the fault ; as is 
shown in Fig. 39, A. Here the bed a, striking east and west, 
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Fx€i. 89.— A, Ortnmd-pkm of a bed a shifted by two fltnlts (//) which cross it at rfght 
angles to its line of strike. The dotted Jlnes show what wooid have been the line of 
outcrop if nndistorbed. B, Section of the same along the line he The dotted lines 
aho>w the upthrow side of the fluilt, and the ionner prolongation of the bed a, before it 
was planed down by denudation. 
t 

and dipping south, is crossed by two north and south faults 
{ff\ the upthrow side of whicn is on the east. The bed a 
is, therefore, shifted to the south on the eastern side of each 
fault, the amount of shift varying with the magnitude of the 
fault. The cause of this apparent lateral shift is as follows : 
When the fault originally took place, the upthrow side was 
elevated above the do^i^ithrow side, and there was no shift 
in the outcrop of any of the strata crossed by it. The bed a, 
for instance, as shovm in Fig. 39, B, had its outcrop continuous 
on both sides of the fault, and was simpW elevated on the up- 
throw side, as is indicated by the dotted lines. If, however, 
the beds composing the upthrow side of the fault be now cut 
down by denudation to a level with the downthrow side, it is 
dear that the outcrop of the beds on the two sides of the fault 
can no longer correspond. Any partioular*bed in the upthrow 
side must be cut across — ^in consequence of its inclination — at 
a point removed some distance from its original line of out- 
crop, the removal being in the direction of the dip of the 
strata. The larger the fault, the greater will be the distance 
at whieh each bed will have to be cut across, in order to 
reduce the whole to a level surface ; and, as the point, or line, 
along which any bed is cut across, will constitute its new line 
of outcrop, it follows that the outcrop of the strata cannot 
correspond upon the two sides of the fault. 

Rj^miTioN OF Strata bt Faults. — ^When faults run at 
lifi^t angles to the dip^ or coincide more or less nearly with 
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the strike of the beds, there is a repetition of the strata ; so 
that the same beds may follow one another, perhaps several 
times over, in any given district. This is shown in Figs. 36 
and 40, where it is seen that the repeated beds all dip in the 
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Fxo. 40.— A, Stnta repeated wifh fhe eame dip by parallel fruits ; B, Strata repeated lij • 
aynolmal carve; 0, Strata repeated Dy an antkUnal cure. 



same direction. When this is the case, even though the 
amount of the dip be changed, there need be little hesitation 
in ascribing the repetition to faults. If, on the other hand, 
the repeated beds dip away from one another, then the repe- 
tition is probably due to an anticlinal fold (Fig. 40, C) ; 
while, if the repeated beds dip toward one another, a syncli- 
nal curve is probably present (Fig. 40, B). 



CHAPTER XIV. 

ON THE BBLATIVB AGES OF THE AQUEOFS BOOKS. 

We have seen that the series of the stratified or aqueous 
rocks is composed of a succession of deposits of different 
ages, and we come now to the question as to how these ages 
may be determined, and a true succession of the stratified for- 
mations established. In solving this question as to the method 
of determining the age of any particular bed or set of beds, 
we fiind that there are three principal tests which may be em- 
ployed: 1. Superposition; 2. Mineral composition; 3. In- 
cluded organic remains. 

L Superposition. — The first and most obvious test of the 
age of any aqueous rock is, its i'elative position. Any bed, or 
set of beds, of sedimentary origin, is obviously and necessarily 
younger than all the beds upon which it rests, and older than 
all those which surmount it. W)ien the beds are horizontal, 
there is little difficulty in making out the position of any one of 
them ; but, if the beds are inclined, and especially if they are 
much folded or faulted, it is often impossible to determine the 
relative position of any group of beds. Necessarily, too, the 
order of superposition can only be applied to a limited set of 
beds, and through limited thicknesses. Lastly, at its best, 
superposition can only tell us the relative and not the absolute 
age of any bed or set of beds. It will tell us with certainty 
that this or that bed is older or yoimger than some other bed, 
but it cannot of itself tell us how much older or younger. 

If, for example, we find, in one district, rocks of the coal- 
formation resting upon Silurian strata, we know from the or^ 
der of succession that the latter are the oldest ; but we do not 
know how much older. The coal-measures might, for all we 
can tell, be the formation which immediately followed the 

Silurian rocks, or they might be separated by an enormous in* 
6 
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terval of time. In practice we can only deiennine this by an 
appeal to the order of succession in other regions, ana by 
means of the fossil remains in each set of beds. From the 
first, we should learn that the coal-formation is never conform- 
able to the Silurian rocks, and that between the two there 
really intervenes the great formation of the Old Red Sand- 
stone ; while the second would show us such a complete dif- 
ference in the life of the two periods, that a great period of 
time would have to be allowed for on this ground alone. 

n. MiNEBAL Chabactbes.— The second test of the age 
of the aqueous rocks — ^that of mineral composition — is an ex- 
tremely unreliable one, and can only be applied to a very 
limited extent. It is true that great masses of chalk might 
be taken as tolerably good evidence that we were about the 
horizon of the Upper Cretaceous rocks ; extensive beds of 
workable cpal would afford a fair presumption that our horizon 
would be that of the Carboniferous rocks; well-developed 
magnesian limestones would lead us to infer that we had to 
do with beds of Permian age ; and red sandstones, with gyp- 
seous clays and rock-salt, would be a strong proof that we were 
working in the Triassic formation. It is true, also, that if 
in any unknown region we found the rocks very much cleaved 
and indurated, consisting mostly of slates and grits, we should 
have grounds for believing that we were dealing with Silurian 
or Cambrian rocks ; while if they consisted chiefly of more or 
less incoherent sands, clays, and gravels, we should be equally 
justified in supposing that we were dealing with rocks of the 
TertiaiT or Post-tertiary period. 

Still, in all these cases, and in many other similar ones, we 
might and sometimes should be wrong. The Cretaceous sys- 
tem of rocks sometimes contains no chalk ; workable seams of 
coal occur in several formations yoimger than the true coal- 
formation ; magnesian limestone is not exclusively Permian ; 
and red marls and sandstones occur in the Tertiary series. 
Again, perfectly cleaved and indurated beds occur in some 
very modem formations ; while some of the older rocks are 
as little hardened and 'consolidated as most of the Tertiary 
strata. The test by mineral characters is, therefore, never ab- 
solutely conclusive as to the age of any given bed or group 
of beds. Still, there is no question but that each of the great 
formations is in a general way characterized in any given 
country by the occurrence of particular kinds of rocKs ; and 
when this evidence is combined with what we learn frova fos- 
eils, and £rom the superposition of the rocks, we can arrive at 
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reliable conclusions as to the age of the beda in any particular 
region. In one case, also, this test will afford decisive evi- 
dence of the relative age of two sets of beds ; namely, when 
we find one group of beds containing fragments of another 
group, in which case the former is, of course, the youngest. 

in. Included Obganig Remains. — ^The last test, as to 
the age of any bed or group of beds, is the nature of the or- 
ganic remains or ^' fossils " which occur in it. As in the case 
of mineral composition, however, this test is neither always 
applicable, nor in all cases absolutely conclusive. Many 
aqueous rocks exhibit no traces of life, or are.*' unfossiliferous,'* 
for a thickness of many thousands of feet; and even among 
fossiliferous rocks many strata occur, of a few feet or yards in 
thickness, which are wholly without organic remains. Even 
when fossils do occur, it may not be alwaj^s possible to decide 
as to the age of the beds. Many fosnls range vertically 
through several groups of strata, and in some cases even 
through several formations ; and these, therefore, taken by 
'themselves, would not be conclusive evidence as to the age of 
any particular set of beds. 

As the result, however, of a vast number of observations, 
it is now absolutely certain that the entire stratified series may 
be divided into a number of groups or formations, each of 
which is characterized by the occurrence, not of any particu- 
lar fossil, but of an assemblage of fossils peculiar to that for- 
mation, and not occurring in company in any other formation. 
Such an assemblage of fossils, characteristic of any formation, 
represents the life of the period during which that formation 
was deposited. It follows from this, that whenever we can 
obtain a series or collection of fossils from any particular bed 
or set of beds, there is rarely any diflSculty in determining 
precisely the geological horizon of the rock in which the fos- 
sils occur. 

With certain limitations, we may go much further than 
this. Not only are the great formations characterized by 
special and peculiar assemblages of animals or plants ; but in 
a general way each subdivision of each formation has its own 
characteristic fossils, by which it may be recognized by a com- 
petent observer. For instance, whenever we find the singular 
fossils known as Oraptolites^ we may be certain that we are 
dealing with Silurian strata (with one or two unimportant ex- 
ceptions). Not only so ; but, if the Graptolites belong to cei^ 
tain genera, we may be sure we are working in Lower Silurian 
beds ; and, if certain species are present, we may even be able 
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to fix upon the exact part or subdivision of the Lower Silniiaii 
rocks with which we are occupied. But all this would have 
to be done under a reservation. Graptolites mighi at any 
time be found in strata much younger or older than the Silu- 
rian rocks. In the same way, the species which we now re- 
gard as characteristic of the Jjower Silurians might at any 
time be found to have survived into the Upper Silurian period. 
So that we should never forget that, in determining the age 
of a rock by fossil evidence alone, we are reasoning upon 
generalizations which are the result of experience, and which 
may at any time be overthrown by fresh discoveries. 

Ab WKD.J alluBJons will neceBsarily have to be made to the fossils chane- 
teriatic of the diO'erent fonoatiODB, it ma; be as veil to give here in « very 
brief form a Bjnoplical viev of the animal and v^etable Itingdoms, with 
more especial refereoce to the geological aspect of the subject It may be 

Siremised thit though mwt fossil animals and plants are aiiticl, and are do( 
bund at the present day upon the globe, neiertheless no fossil is koowa 
which may not bo referred to one or other of the primary dlTisioos of the 
aoinial and vegetable kingdoms. It is chiefly of importance, therefore, that 
the student should obtain a clear idea of the characters of these great secUona. 
The animal kingdom is divided into sii primary divisions or aufrvtu^jrimni^ 
as follows, beginning with the lowest ; 

I. Pkotozoa {Gt. proht, first-, zoa, animals). The animals belonging to 
this section are mostly very minute in point of size, have the bckly compMed 
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oFa stractureless, jelly-like substance, have no nervous system, only rarely 
possess a mouth, and never possess any distintt digestive cavit]' or Btomacli. 
Most of the PriAoioa live in the sea or in fresh water, and they ate generally 
. not provided with any hard structures, so that they cannot be preserved in a 
fossil condition. The moat important, from a geological point of view, are 
i!ti» Foramimftra {S'l^. 41) and the Sponges. The former are mostly very 
small, and have tbe body protected by a little case of lime or sand, which ia 
often of great beauty. They are foond in many rock a, but are especially 
abundant in the ch^ and in some Tertiary strata. The Sponges are well 
known by the homy sponges of commerce, but the fossil forms possess a 
skeleton of lime or flint. They are found from the base of the Silurian rocks 
upward, but are especially abundant in parts of the Cretaceous system. 

II. CiKLKNTKRATA (Gr. koUot, hoUow ; erderoa, the intestine). This sub- 
kmgdom includes most of the animals formerly called Radialea, and popularly 
known aa " zoophytes," such as sea-fira, sea-anemones, corals, and Eea-jeliiea, 
They are cbaracterized^by the fact that the alimentary canal opens directly 
Into (he general cavity of the body. There are rarely any traces of a ner- 
vons system ; and there is generally a distinct starlike or radiated arrange- 
ment both of their eiternal parts and internal organs. The most important 
members of this order are the sea-firs and the corals (Fig, 42). The sea-firs 
are branched, horny, planl-hke organisms, which are composed of numerous 
minute creatures living associated in colonies. They inhabit the sea, and 
are believed to be very nearly related to the large and important eitmct 
group of fossils known as Qrapbiita, The corals are much more important, 
and are represented by numerous fossil forms, occurring in almost all the 
great geological formations. As before eipluned (p. 44), corals may be 




Fia. 42.— Be«nt conls. 



looked upon aa essentially sea-anemones, with the power of secreting a hard 
aupport or skeleton composed of lime. These skeletons are the parts pre- 
Berved in. a fossil condition; and many limestones are to so great an extent 
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compoBed of oortJa, that ve ore led to suppose Ihst theymnst 

ancient coral-reefs. Hanj fossil corals, hoirever, differ in some impoitsnt 
reapeota from all knovn llTing forme. 

III. Annuloida {Lai. anntdiu, a, ling; Ol^ tidoi, form). Tbe only mem- 
bers of this sub-kingdom which ure ever preserved in a fossil condition are 
the sea-nrcbins, star-Sshes, stone- 
lilies, and their aflies, which togeth- 
er form tbe class Eehinoderma/a 
(Gr. tehinoi, a heilgeb<^ ; dtrma, 
skin). The name of tbe cl^s is de- 
rived from the generally prickly na- 
ture of the skin, due to the power 
. which they all possess, in diSTer^t 
\ degrees, of secreting carbonate of 
V lime in the integDment. When folly 
tbey all exhibit a more or less 
istinct star-sbaped or radiate ar- 
rangement of their parts (1^. 48). 
The alimentary canal never commn- 
nicates with the body-cavity, and 
there ia always a well-developed ner- 
TOas system. Lastly, they all possess 
a peculiar system of tubes to which 
water is geoerally admitted from the 
exterior, and which is osuaU; coti> 
cemed in locomotion. 

The most important members of 
this group geologically are tbe stone- 
lilies (CHm>idii\ the star-fishes and 
brittle-stare {Atlrroidi), and tbe aea- 
nrchins {Bchinoidi). The Crvioidt 
(Fig. 4S) are distinguished by being 
fixed to tbe bottom of the sea by • 
jointed calcareous column or stem, 
which supports a t>ody not nnlibe 
that of a brittle-star. In some cases, 
only the young is so Gied, and the 
adult loses its stalk and becomes 
free. The stone-lilies are very abun- 
dant as fossils, and often whole beds 
are composed of their broken stems. 
They abounded chiefly in the older 
periods of the earth's history, and 
gradually dwindled down, till, at tbe 
present day. there t&e no more than 
-_...«. ■ , *. . -_._ i'bKO or four living types of the 
CrliioM (after WyvlUe TtODisoii). *""*'■ iOe Blar-nsnra ana Dnme- 

stars are well known for their com- 
pletely starlike form. They occur as fossils in many formatioaB, especially 
in the Secondary rocks ; but they are not of great importance. The sea- 
nrchiae are diBtinguished by their globular, heart-shaped, conical, or cake- 
like form, Bad by having the body (Fig. 44) encased in an immovable shell, 
composed of numerous calcareous plates Grmly jointed tt^ether. Tbe whole 
shell is covered with numerous tubercles, which support longer or shorter 



1 
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movable tpiaeB. Tbe Sea-urc1iinB occur as foseili in manj ronnadona, bat 
■re cbiefl7 found in the Oolitic and Cretaceous rocks. 



ne. M^-A UTtDg Su-unbln {CldarU), 

TV, AmttTLOSA (Lat annulva, a ring). The memberg of this anb-khig- 
dom, BUcb u wormB, craetaceacs, spiders, centipedes, and insects, hare a 
bodj composed of a nomber of rings arranged longitudinallj one behind the 
other. There Is a distinct alimentary canal, generally circulatory organa, 
wid alvays a nerrouB system. The nervous system consists, typically, of 
two nerrouB cords placed along the lower surface of tbe body, and having 
two Uttle nerroua masses developed in each ring. The sub-kingdoin is 
divided into two great diriBiona, according as the body is furnished with 
jointed limbs or not. In the former section are the Leeches, Earthworms, 
Seatworms, etc., none of which are geologically important, though the Tube- 
worma not nncommoBly occnr aa foaails. The second section comprises the 
Crustaceans, Spiders and Scorpions, Centipedes, and Insects, all having Jointed 
append^es articnlated to the body ; hence the name uf Artictdaltil Animal*, 
t^lea applied to this section. 

The CnuUueatu comprise the Lobatert, Shrimpa, Grabs, Wood-lice, Horae- 
shoe Craba, Water-fleas, Barnacles, and Acorn-shells, et«., and are all ntore or 
less truly aquatic. They almost always have breath ing-organs in the form 
otaiOi; they have two pura of feelera ; the limbs are usually more than 
rigbt in number ; and the body is generally protected by a hard Ibell of 
"crust" (Hg. 48). The moat impjrtant estinct groups of the CVwtoiKH 
•r« the ?W£Nfa> and Surspttridi, both charactenstic of tbe older strata 
of the earth's crust ; bat all tlie forms mentioned above are represented by 
fossil exaraples. 

The Spiders and Scorpions (Araehnida) are terrsstrial, and have breath- 
b^-OTgans, adapted for respiring ur directly ; they have no feelers, as auch ; 
and thev have four pura of legs. They occur in a foasil condition, but are 
ntr«, and comparatively unimportant 

The Centipedes {Jfyriapoaa) have breathing-organs, adapted for respiring 
air, have one prir of feelera, and have nnmeroua pairs of lege (never lesa 
than nine paira). They rarely are found aa fossils, and require no further 
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The trne Insects (Imead) brenthe alt dtrecti;, haie one pair of feelers, and 
three pura of legs, generally with one or two pairs of nings. Though not 
of common occurrence as fousils, insects are of considerable importance from 
a geological poiat of tIcw. The; have been found in all formations, from 
the Old Red Sandstone upward. 

T. UOLLDSCA (Lat. mollis, soft). The Uollusks, or line Shell-fish, have 
soft bodies, usuaUj protected bj a calcareona shell, of one, tno, or more 
pieces. There is a distinct altmentarj canal, and general]; a heart and cii^ 
culatory system. The nervous aj^tem consists of three scattered masses, 
united to one Bnotlier b; nervous cords. There may be no respiratory or. 
gans, or there are distinct breathing-oigans, adapted for breathing air di- 
rectly, or mora commonly through the medium of water. The moat important 
members of the JUaUuica, from a geological point of view, are the Lamp, 
sheila and their allies, the Bivalves, the UnivalTes, and the Cephalopoda. 



na. Ak— Snrnittrlds.— /Varvpv- fla.l&— BncblopodL— ZJn^uIo, 

Ah Ani^Uau, natored {iSa tbanliw Che muKUlar stalk 

B. IToodinirdi 1^ wUch ths shell Is attuhed. 

The Lamp-shells and their allies form the class Srachiopoda (Gr. SratAion, 
an arm ; poda, feet), so called because Ihc mouth is furnished with two lonj;, 
fringed prooeBses or " arms." The body is protected by a " bivalvo " shell, 
composed of two pieces or valves (Hg. 46), which generally differ in size 
and in other characters as well. They are often pl^ed with the true Bi- 
valre Shell-fish, but their general organization is much lower. The Braehio- 
pedi are of great geolo^cal importanoe, occurring in all formations afl«r the 
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earliest, and often in rerr great abundance. They are an eiample of a gronp 
which baa long been on the decline, the living epeoieB falling far short of one 
hundred, while nearly two thousand fossil forms are known. 

The BivalTO MoUusha form the claas Zam^ibranc/aaia (Lat. lamella, a 
thin plate; Gr. bragchia, gill), flo Called from their leaf-like eillfl. They 
have a shell composed of two pieces or " Talsea," which are uauaUj identical 
in size and shape. Good eiamplea are the Oyster, Musael, and Scallop. 
Numerous fossil forms of this class are found, in all focluationa after the 
oldest. 

The Uhiyalve Mollasfes are known ta Oailarapoda (Gr. gnslfr, belly ; podei, 
feet), from their creeping about upon a flattened diak formed of the lower 
Burface of the body. Some of them, such as the Slugs, have no visible ahell ; 
but most of them have a shell, which ia almost always composed of a single 
piece or "valve" (Fig. 47). Theshell varieaagood deal in shape, but is 
moatlj coiled into a spiral, as ia seen in the common Periwinkles and 



Pio. 4t.— 8hdl» of eauterepoda.— 



their name &om the fact that the head U anrronnded by a aeries of "anna" 
or long processes, which are uSDally provided with suckers, and by which 
the animal walks about, head-downward, at the bottom of the sea. The 
Cattte-fifhes have' no eitemsl sbell,but generally possesa a calcareous or 
bomy internal skeleton. The most important fossils referable to tliis sec- 
tion of the Ctjiadopoda are the singular B^xmidUt, so characteristic of the 
secondary period of geology. The Pearly Nautilus (Fig. 48) and its fossil 
allies have a welMeveloped eitemal shell, which is always divided into ■ 
ieries of chambers by shelly partitions. The animal lives in the last cham- 
ber only of the shell, and the partitions of the shell arc always piereed by an 
i^tertnre for the conduction of a pecnltar tube known aa the "siphuncle." 



Id tbe Naatilos and iU nearest allies tbe partition)! of the shell are simply 
curved, and the "siphuncle" is central, or nearlj so. In tbe Urge and 
important extinct gronp of tbe Amnumitet the partiUona of the shell are 



wonderfollr folded and lobed, instead of being aimplj curved, and the "si- 
phnncle" is placed on the back of the shell. Tbe Nautilus and its allies occur 
in all tbe great formations, but the true Ammonites, with a great number of 
related forms, are obaracteriatic of the Secondary rocks. 

VI. TBHTEBKiTi. (Lat. vfrtdiTa, one of the bones of the Spine Or back- . 
bone). The Vertebrates are characterized by the almost universal possession 
of a spinal column or backbone (^. 49), composed of numerona bones 
placed one behind the other, and enclosing the spinal cord. The skeleton is 
internal, and the muscles are attached to its several parts. The limbs may 
be wanting, or partially undeveloped, but they are always jointed to the 
body, when present, and there are never more than two pairs. The VerU- 
brala are divided into the following five great classes ; 

1. I'iacet (Fiebee), distinguished by having gills, and by having tbe Umbs 
(when present) in the form of jin*. The heart is mostly two-chambered. 
The moat important groups of'^ Fishes are the Bony Fiabes, snch as the 
Salmon, Cod, Herring, etc. ; the Gaaoid Fishes, such as the Sturgeon and 
Bony Pike; and tbe Sharlis and Rays. The Bony Fishes are distinguished 
by their thin, homy scales, their tiony skeleton, and symmetricallj-lobed 
t^. The Ganoid f^hes have bony scales covered with enamel, the skeleton 
nanally more or 'less gristly, and the tail sometimes symmetrical, sometimes 
unaymmetrical. The Sharks and Rays have scales in tbe form of detached 
bony grains or plates, a gristly skeleton, and an unsymmetrically-lobed taiL 

2. Amphibia (Fm^s, Newts, etc.), diatinguished by having gills when 
young, and lungs when fully grown, the gills sometimes remaiiui^ throngh- 
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Tie. «.— Skeleton of the B»T«r, tbonlug Iber^oni 
rtffioit, otn&A:^ Vortal reffion, orreeloiiof t! 
oflheloliu; i,3aavm; t, Ca-udai ngim, or r 

oat life. The limbs mar be iranting, but are aerer in the form of flna. The 
Bkall ii jointed to the baGkbooe bj two articulating surfaces or " condyles." 
Tbe most important fossil amphibians are tbe great Labjrinthodonta of the 
Carboniferous and Triassic periods. ' 

3. Replilia (Reptiles), distinguished by never possessing gills, by having 
fte skin furnished with horny Bcaiea or bony plates, and bj having the 
skull jointed to the backbone by one articoUUng enrface or "condyle." 
The blood is cold, and the heart is abnost always three-chambeced. Tha 
feUowine living orders are included lu tbia class : 

a. mtlonia (Tortoises and Turtles). 

(. ZarrrHlia (Uurds). 

e, (^Aidia {Snakes and Serpents). 

d, Crocodiiia (Crocodiles and Alligators). 

All these living orders are represented by extinct formB; but betides 
Aeee there are five wholly extinct orders, some of them of very remarkable 
^aracter, belonging to tbe Secondary period of Geology. The more renurk- 
able of these forms will be noticed in speaking of the rocks in which tbey 

4. Aom (Birds), characterized by never possessing gills, by having a 
covering of feathers, and by having the skull jointed to tbe vertebral columa 
by a single joint or " condyle." The blood is warm, and tbe heart is ibuc^ 
chambered. The fore-limbs are generally so modiQed as to form " wings." 
Tbe class of Birds ia of no high geol<^cal antiquity, the earliest example 
being from the Secondary roclu (Oolites). The class is divided into the tol- 
lowil^ orders ; , 
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a, Nafaioret or Swimming Birds, Ez, — ^Dncks, Gnlls, Pelicans. 
6. Grallaiorea or Wading Birds. El, — ^Herons, Storks, Woodcocks. 
e, Cursores or Running Birds, Ik, — Ostrich, Emeu. 

d, Rasores or Scratching Birds, Ex. — ^Fowls, Game-birds, Pigeons. 

e. Scansores or Climbing Birds. Ex. — Parrots, Woodpeckers. 
/. Insessores or Perching Birds. Ex. — ^Finches, Larks, Crows. 
g. Raptores or Birds of Prey. Ex. — ^Hawks, Eagles, Owls. 

h, SaururcB or IAzard4ailed Birds^ comprising only the extinct Archccop- 
ieryx of the Oolitic Rocks. 

6. Mammalia (Mammals) ; distinguished by having some part or other 
of the skin provided with hairs, by having the skull jointed to the backbone 
by two joints or ** condyles," and by never having gills. The blood is warm, 
and the heart is four-chambered. The young are nourished for a longer or 
shorter time by means of a special fluid — the milk — secreted by special 
organs, the mammary glands. The class includes all the ordinary quadru- 
peds, and is divided into the following orders : 

a. Monotremata, Ex. — Duck-mole, and Spiny Ant-eater. 

6. Marsupiaiia, Ex, — Kangaroos and Opossums. 

e, Edentata, Ex, — Sloths, Armadillos, Ant-eaters. 

d, Sirenia, Ex. — Dugong, Manatee. 

e, Cetacea, Ex. — Whales and Dolphins. 

/. Ungvlata (Hoofed Quadrupeds). Ex, — Rhinoceros, Hippopotamus, Pigs, 
Tapirs, Giraffe, Deer, Antelopes, Sheep, Goats, Oxen. 

g, Hyracoidea, Ex. — Hyrax. 

h, Proboscidea. Ex. — Elephant. • 

i. Camivora. Ex. — Seals, Walrus, Bears, Raccoons, Dogs, Wolres, 
Hyaenas, Lions, Tigers. 

j, Rodentia, Ex. — Mouse, Rat, Beaver, Squirrel ' 

k. Cheiroptera. Ex. — Bats. 

/. Insectivora, Ex. — Moles, Shrew-mice, Hedgehogs. 
m, Quadrumana. Ex. — Lemurs, Baboons, Apes. 

fi. Bimana. — Man. 

VEGETABLE KINGDOM. 

The following are the main subdivisions of the Vegetable Kingdom : 

I. Crtptooamic Plants (Gr. kruptos^ concealed ; gamos, marriage), dia- 
tinguished by having no distinct flowers or fruit. They include : 

a. ThaUogens. Ex. — Sea-weeds (Algai\ Lichens, Mushrooms. 

h, Anogens. Ex. — Liverworts, Mosses. 

c, Acrogens, Ex, — Club-mosses (Zycopcxliacecp), Pems, Horse-tails (^S</vi- 
setacece), 

n. Phanerogamic Plants (Gr. phaneros, conspicuous ; gamos, marriage) ; 
distinguished by having distinct flowers and seeds. They are divided 
into : 

a, Endogens, Ex.-- Grasses, Palms, Lilies. These have endogenous stems, 
showing no rings of growth, and the young plant possesses but a single 
seed-lobe or " cotyledon." Hence they are often called Monocotyledons, 

b. Ekogens. Ex. — ^Pines and Cycads, with most ordinary shrubs, trees, 
and flowering plants. The Pines and Cycads, with the fossil SigHiarice^ have 
the seed naked, and are hence called Gymhosperms (Gr. gumnos, naked; 
sperma^ seed). Ordinary trees and shrubs, on the other hand, have the seed 
covered, and are therefore called Angiosperms, Both the Gymnosperms and 
Angiosperms have an exogenous mode of growth, with a true bark and annual 
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rings of growth. The seed also possesses two seed-lobes op " cotyledons ; " 
and they are therefore often spoken of as Dicotyledons. 

Chbonological Succession of the AQUBOtrs Rocks. — 
As the result of observations made upon the superposition of 
rocks in different localities, from their mineral characters, and 
from their included fossils, geologists have been able to divide 
the entire stratified series into a nmnber of different divisions 
or formations, each characterized by a general uniformity of 
mineral composition, and by a special and peculiar assemblage 
of organic forms. Each of these primary groups is in turn 
divided into a series of smaller divisions, characterized and 
distinguished in the same way. It is not pretended for a mo- 
ment that all these primary rock-groups can anywhere be seen 
surmounting one another regularly. There is no region upon 
the earth where all the stratified formations can be seen to- 
gether ; and, even when most of them occur in the same coun- 
try, they can nowhere be seen all succeeding each other in 
their regular and uninterrupted succession. The reason of 
this is obvious. There are many places — to take a single ex- 
ample — ^where one may see the Silurian rocks, the Old Red 
Sandstone, and the Carboniferous rocks succeeding one an- 
other regularly, and in their proper order. This is because 
the particular region where this occurs was always submerged 
beneath the sea while these formations were being deposited. 
There are, however, many more localities in which one would 
find the Carboniferous rocks resting unconformably upon the 
Silurians without the intervention of any strata which could be 
referred to the Old Red Sandstone. This might arise from 
one of two causes : 1. The Silurians might have been elevated 
above the sea immediately after their deposition, so as to form 
dry land during the whole of the Old Red period, in which 
case, of course, no strata of the age of the Old Red Sandstone 
could possibly be deposited. 2. The Old Red Sandstone might 
have been deposited upon the Silurian, and then the whole 
might have been elevated above the sea, and subjected to an 
amount of denudation sufficient to remove the Old Red Sand- 
stone entirely. In this case when the land was again sub- 
merged, the Carboniferous rocks, or any younger formation, 
might be deposited directly upon Silurian strata. From one 
or other of these causes, then, or from subsequent disturbances 
and denudations, it happens that we can rarely find many of 
the primary formations following one another consecutively 
and in their regular order. 
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' Post-tertiary and Becenb 
Pliocene. 

Miocene. 

Eocene. 

Cretaceous. 

Jurassic or Oolitia 

Triassic (New Bed Sandstone). 

Permian. 

Carboniferous. 

Devonian or Old Bed Sandstone. 



Huronian. 
Laurentian. 
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The main subdivisions of the Stratified Rocks are known 
bj the following names : 

1. Laurentian. 

2. Cambrian (with Hmt^nian ?). 

3. Silurian. 

4. Devonian or Old Red Sandstone. 

5. Carboniferous. 

?: tS£' [ ^^'^ ^^ Sandstone. 

8. Jurassic or Oolitia 

9. Cretaceous. 

10. Eocene. 

11. Miocene. 

12. Pliocene. 

13. Post-tertiary. 

Of these primary groups, the Laurentian, Cambrian, Silu- 
rian, Devonian, Carboniferous, and Permian, are colleciively 
grouped together under the name of FHrnary or I^alceozoic 
rocks (Gr. pcdaioSj ancient ; zoe^ life), because of the entire 
divergence of their animals and plants horn sjiy now exist- 
ing upon the globe. The Triassic, Jurassic, and Cretaceous 
systems, are grouped together as the /Secondary or Mesozoic 
formations (Gr. mesos^ intermediate; zoe^ life), because their 
organic remains are intermediate between those of the Pa- 
laeozoic period, and those of more modem strata. The Eocene, 
Miocene, Pliocene, and Post-tertiary rocks, are grouped to- 

f ether imder the .head of Tertiary or JSainozoic rocks (Gr. 
ainoSy new; zoe^ life), because their organic remains ap- 
proximate in character to those now existing upon the globe. 

All these separate formations require to be noticed some- 
what in detail, and in so doing it is best to begin with the 
lowest and gradually work our way upward. The foregoing 
illustration represents an ideal section of the crust of the 
earth, showing the succession of the great formations (Fig. 50). 



CHAPTER XV. 



LAXTEENTIAN, HFEONIAN, AND CAMBRIAN GBOUFS. 

Lafrkntian Series. — ^The oldest formation with which 
we are as yet acquainted is that of the Laurentian rocks, so 
called because they are largely developed in Canada^ north of 
the river St. Lawrence. A large area of these rocks also oc- 
curs in Northern New York, rising into the lofty and rugged 
elevations of the Adirondacks, and there is a third area to the 
south of Lake Superior. The Laurentian series is of vast 
thickness, and is divided into a lower and upper division. 
The Lower Laurentian group attains the enormous thickness 
of about 20,000 feet, and is composed entirely of metamor- 
phic rooks, consisting mainly of gneiss interstratified with mi- 
ca-schist, with great beds of quartz, and massive beds of crys- 
talline limestone, of which one varies from ?00 to 1,500 feet in 
thickness. Conglomerates also occur, and there are vast de- 
posits of magnetic and specular iron-ore. Graphite or black- 
lead — which is merely a form of carbon— K)ccurs disseminated 
in strings, veins, and beds, through hundreds of feet of Lower 
Laurentian strata, and its amount is calculated by Dr. Daw- 
son to be equal in quantity to the coal-seams of an equal area 
of the Carboniferous rocks. 

Not only is the Lower Laurentian series of vast thickness 
and greatly metamorphosed, but it must have been elevated 
above the sea, and subjected to vast denudation, prior to the 
deposition of the upper group. This is shown by the fact 
that the Upper Laurentian lies unconformably upon the trun- 
cated edges of the Lower Laurentian. The Upper Lauren- 
tian group is about 10,000 feet thick, and consists wholly of 
stratified crystalline rocks. These consist mainly of gneissic 
and felspathic rocks, often characterized by the occurrence of 
lime-felspar or Labradorite. The series is extensively devel- 
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Oped in Labrador, and is sometimes spoken of as the ^'Labra- 
dor Series." 

EuROPKAN Laueentian Rocks. — As regards the occur- 
rence of Laurentian rocks in Britain, there is still some uncer- 
tainty. In the Hebrides and along the western shores of 
Sutherlandshire (Scotland) Sir Roderick Murchison showed that 
there occurred great masses of highlj-crystalline gneiss (Fig. 
61, a). Upon the tnmcated and highly-inclined beds of this 




Fio. 51. — ^Diagrammatic dk^<»i of the old rocks of the Northern Highlands of Scotland, 
after Sir E. Mnrchison.— a, Lam^>ntian (?)g:Deis8; &, Bed sandstones and conglomer- 
ates of Gaml»1an (f) age; c, Lower Silurian qnartz-iock and foasiliferoafl limestone; 
df Metamorphosed Lower Silnrian strata. 



*^ fundamental gneiss" lie great beds of red sandstone and 
coBglomerate (5) ; and these are in turn succeeded unconform- 
ably by quartz-rock and interstratified limestone (c). These 
last contain Lower Siltirian fossils ; so that the red sandstones 
and conglomerates beneath them must almost certainly be 
Cambrian. The lowest gneiss is, however, in a doubtful posi- 
tion. It is believed by Sir R. Murchison to be Laurentian, but 
it may, perhaps, be Huronian. There are some other British 
rocks which are believed to be referable to the Laurentian 
series ; and it is highly probable that Laurentian rocks will 
hereafter be shown to exist in other parts of Europe. 

Life of the Laueentian Pebiod. — ^The Laurentian rocks 
are often spoken of as the Azoic series (Gr. a, without ; zoey 
life) ; but the name appears to be inappropriate, because there 
is good evidence to show that living beings were in existence 
in the Laurentian period. In the first place, it is certain that 
the Laurentian rocks, though now highly metamorphic, were 
originally deposited as ordinary sedimentary beds of sandstone, 
conglomerate, shale, and limestone. There is, therefore, no 
reason whatever for supposing that the seas of the Laurentian 
period diflFered in any respect from modern seas, so far at any 
rate as to render the occurrence of living beings impossible ; 
while we know that one of the results of metamorphic action 
is the obliteratioQ of the fossils in the rock affected. Secondly, 
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by the researches of Sir William Logan there was discovered 
in one of the limestones of the Lower Laurentiangroup a body 
which has been described under the name of .^ozoon Canor 
dense^ and is believed to be a gigantic Foraminifer. The 
organic nature of this body was first detected by Dr. Dawson, 
of Montreal, and his opinion as to its nature has since been 
confirmed by the highest authorities. Thirdly, there is good 
reason to believe that the graphite of the Laurentian rocks is 
nothing more than metamorphic coal^ and that it is derived 
from vegetables wMch flourished during the Laurentian 
period. 

HuBONiABT Sebibs. — ^Besting unconformably upon the de- 
nuded edges of the Laurentian rocks on the borders of Lakes 
Superior and Huron, is another great series of metamorphic 
rocks, to which the name of JSuronian has been applied by 
Sir William Logan. They are about 18,000 feet in thickness, 
and consist of quartzites (altered sandstones), siliceous slates, 
conglomerates, and limestones. The conglomerates sometimes 
contain pebbles derived fix)m the subjacent Laurentian rocks. 
No fossils have hitherto been found in any part of the Hu- 
ronian series, and its exact age is, therefore, doubtfuL Not 
improbably it may correspond with the Lower Cambrian rocks 
of other regions, but it may represent an independent forma- 
tion to be intercalated in point of time between the Lauren- 
tian and Cambrian groups. 

Cambriak Sebibs. — The exact limits of the Cambrian 
rocks are as yet not well defined, diflferent authorities taking 
different views as to the strata which should be considered 
under this head. The name " Cambrian " is derived from the 
fact that these strata are the lowest rocks visible in North 
Wales and its borders (Cambria). The Cambrian rocks are 
generally divided into a Lower and Upper division, and they 
are well developed in various parts of Europe and America* 
The following gives a general idea of the nature, distribu- 
tion, and mineral characters of the Cambrian rocks : 

L Ccmfhrian Rocks of Britain, — ^The Lower Cambrian rocks of Britain 
are best seen in the Loiigm3md Hills in Shropshire, and consist of about 
26,000 feet of yariously-colored sandstones, grits, and shales, often ripple- 
marked, and exhibiting rain-prints, but with very few fossils. These are 
succeeded by a great series of micaceous flagstones, elates, and shales, 
which vary in thickness from 6,000 to 2,000 feet, and are of Upper Cam- 
hrian age. They are known as the Lingula Flcu/s^ from the occurrence in 
them of a Brachiopod belonging to the genus ikngtUa (Fig. 6Y). In North 
Wales the Lower Cambrian strata are often highly metamorphosed, and the 
celebrated Welsh roofing-slates are also derived from this division. Ckm- 
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brian rocks occur in other parts of Britain, and the following table exhibits 
their leading members : 




TiSt. 62. — Section of the Cambrian rocks of the Longmynd. — o^ Lower Camlnian grita, aand- 
stones, and shales; &, Ungnla flags (Upper Cambrian); c, liower Llandeilo xocks 
(Lower Silurian) ; <Z, Upper Silurian strata. 

1. Lower Cambrian: 

a, Longmynd beds (26,000 feet). 

b, Llanberis slates (8,000 feet). 

c, Harlech grits (6,000 feet). 

d, Oldhamia slates of Irelaad. 

2. Upper Cambrian: 

e, Lingula Flags of Wales (about 6,000 feet). 
/. Tremadoc slates of North Wales (2,000 feet). 

g. Skiddaw slates of the north of England ^7,000 feet). 

The last-mentioned group of rocks, namely, the Skiddaw slates of the 
north of England, are in a doubtful position. They consist of about 7,000 
feet of dark-colored shales and slates, and they are most clearly the equiva- 
lent of the Quebec group of Canada, containing many of the same fossils. 
Upon the whole, it seems safer in the mean while to regard tibem as Upper 
Cambrian. 

IL C!€unbrian Rocki of Bohemia and Sweden^-^ln Bohemia, M. Barrande 
has succeeded in demonstrating as underlying the Lower Silurian rocks of 
that country a zone of rocks, which correspond to the Lingula Flags of 
Britain, and are, therefore, of Upper Cambrian age. This zone contains 
many remarkable and characteristic fossils, and is often spoken of as the 
** Primordial Zone." In Sweden and Norway the Lower Cambrian rocks are 
represented by a sandstone containiog impressions supposed to be referable 
to sea-weeds or "fucoids." This "Fucoidal sandstone'' is succeeded by- 
beds of so-called " alum-schist," which are of Upper Cambrian age, and cor- 
respond with the Lingula Flags of Britain. Among the most characteristic 
of Uie fossils of this "Primordial Zone" are the singular crustaceans knowiV 
as Trilobiiegj of which an example is figured on p. 128 (Fig. 53). 

IIL Cambrian Hocks of North America, — The Cambrian rocks are rep- 
resented in North America by the Potsdam sandstone and the Calciferous 
series. The JPotsdam sandstone is mostly a laminated sandstone, or grit, in 
the State of New York, but limestones are present in addition in tbe Mis- 
sissippi basin, and it consists of a great thickness (2,000 to 7,000 feet) of 
slates, sandstones, and limestones, along the Appalachian chain. It contains 
a good many fossils, among which are Trilobites resembling those of the 
"Primordial Zone " in Bohemia. A characteristic form is figured hereafter 
(Rg. 64). 

The Caldfero^us series consists of a hard calcareous sandstone, or " sand- 
rock," in the State of New York ; but it consists of sandstone with well-de- 
Teloped magnesian limestone in the basin of the Mississippi ; and along the 
Appalachian chain it consists of sandstones and limestones, subordinated to 
great masses of shale. In their last-mentioned development the Calciferous 
rocks have been termed the "(Quebec group," and, as before said, they are 
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undoubtedly the equiTslent of the Skiddaw sUtM of BriMln. The; attah) • 
tbickoess of from B,O0U to 7,000 feet; but it is Dot clear whether they are 
truly referable to the Upper C&mbrian or to the base of the Silurian ayatem. 
Moat probably the; are traositioa-beda between the two formations. 



.. ,, J18 of Ui» Tritoblua of 

Life oj- the Caubblut Period. — The life of the Cam- 
brian period is but scanty, and the forma represented are all, 
comparatively Speaking, low in the zoologi- 
cal scale. In the Lower Cambrian rocks fos- 
sils have hitherto prored extremely scarce. 
With the exception of one doubt&l fossil, 
the commonest organic remains are the bur- 
rows of sea-worms, allied to the common 
Lob-worm of our coasts. These are very 
abundant, and are found even among the 
hardest tuid most quartsose rocks of the for> 
mation. In rocks believed to be of this age 
in Ireland occurs the singular fossil called 
Oldhamia (Fig. 55), the exact nature of 
Tvhich is uncertain. It is sometimes be- g 
lieved to be most closely allied to the Sea- 
firfl {Sertulariana) ; but the more probable 
view is that it is a calcareous sea-weed, like ^^-Szil 
the "corallines" of the present day. 

In the Upper Cambrian rocks, fossils become pretty plen- 
tiful, and some higher types appear. Trilobites are especially 
abundant, and belong to peculiar types in most iostancea. 
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Some of the characteristio forma have been already figured 
{Figs. 53, 54), and one of the species from the Lingula flags is 
given below (Fig, 68). Besides Trilobites, the Lingula flags 
contain in abundance the remains of another Crustacean, IIym»- 
noaaris vermicauda (Fig. 56). The Ziingvia (Fig. 57), from 



LmauiA Flag Fossiia 
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b. Gloried tj cleavage. }i nut. slie. 

which the name of this group is derived, ia a Brachiopodous 
shell, aud is found in great abundance. In tlie Primordial 
Zone of Bohemia, and in the alum-schists of Scandinavia are 
contained many Trilobites, while the former has also yielded 
a few Brachiopods and some Echinoderms. The Potfidam 
Sandstone contains Trilq)}ites, a small Brachiopod, burrows 
and tracks of sea-worms, and other fossils. In the Upper 
Cambrian rocks appear for the first time the singular fossils 
known as Qraptolitea (Glr. grapko, I write ; lithos^ stone). 
These curious organisms are believed to be most nearly allied 
to the living sea-firs, but they are in 
many respects quite peculiar and un- 
like all recent organisms. In the 
Quebec group of Canada, and ip the 
Skiddaw slates of Britain, Grapto- 
lites occur in great plenty, and ia 
the most varied forms. One of the 
. most characteristic species is figured 
; below (Fig. 59). In the Skiddaw 
slates also occur the remains of what 
^^t'iwM^^'Q^M^ °'"^'' "^"^o^' certainly be regarded as 
marine plants of some kmd or other. 
Fossils of an apparently vegetable nature have also been dis- 
covered in the Cambrian rocks of Sweden. 

Lastly, in the Potsdam Sandstone have been detected the 
earliest footprints as yet discovered. These have been de- 
scribed under the name of R-otichnites. They were at first be- 
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lieved to have been made by some animal of the Turtle famUj, 
but they are considered by Owen to be the tracks of some 
large Crustacean. Their size is very remarkable, as they indi- 
cate an animal of probably several feet in length. 

Tabulab Yibw of thb Chief Cambrian Strata. 

L Lower Cambrian (= Huronian ?) : 

a. Longmynd beds, Llanberis Slates, and Harlech 

Grits of Britain. 

b. Fucoidal Sandstone of Sweden. 
%. Upper Cambrian: 

c. Lingula Flags and Tremadoc Slates of Britain. 

d. ^* Primordial Zone*' of Bohemia. 

e. Alum-schists of Sweden. 

/i Potsdam Sandstone and Caldferous Sand-rock of 

North America. 
g. Quebec Group of Canada ( ?). 
h» Skiddaw Slates of north of England ( ? ). « 




CHAPTER XVL 

8ILUBIAN SEBIBS. 

Foixownra the Cambrian comes the great Silurian series 
of rocks, first clearly established and definitely worked out by 
Sir Roderick Murchison, the founder of the Silurian system. 
The exact limit between the Cambrian and Silurian forma- 
tions is one which is not clearly defined, since there does not 
appear to be any general physical break between the two 
groups. The line of demarcation between them is in the pres- 
ent state of our knowledge an arbitrary line, and is derived 
chiefly from the characters of the Trilobites. There are rocks, 
however, such as the Tremadoc slates, the Skiddaw slates, and 
the Calciferous and Quebec group, in which there is an inter- 
mixture of Cambrian with true Lower Silurian types. These 
rocks, therefore, might be regarded as Upper Cambrian or as 
Lower Silurian, or as passage-beds between the two. It is to 
be remembered, also, that the Tremadoc slates and Lingula 
flags are regarded by Sir Roderick Murchison as being the 
basement-beds of the Lower Silurian. 

The name " Silurian'" was proposed by Sir R Murchison 
for a great series of strata lying below the Old Red Sandstone, 
and occupying those parts of Wales and England which were 
at one time occupied by the " Silures," a tribe of ancient Brit- 
ons. The Silurian rocks are largely developed in Wales, the 
north of England, Scotland, and Ii^eland, in various parts of 
Europe, especially Bohemia, Saxony, Russia, and Sweden, and 
in the North American Continent. The entire series is divis- 
ible into the two sections of the Lower and Upper Silurian 
rocks, each in turn split up into smaller subdivisions, the names 
of which have usually been taken from localities where they 
are unusually well developed, or where they were first studied. 
We shall consider each of these divisions separately, first as 
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they occur in Britain, and then as they are developed in North 
America ; the former country having been generally adopted 
by geologists as the typical Silurian region of the world. It 
is also the region which forms the special subject of Sir Rod- 
erick Murchison's classical work " Siluria.'* 

SiLUBiAN Rooks of Britain. — The Silurian rocks of Brit- 
ain, as indicated in the annexed section, are divided into the 
following groups from below upward : 

a. Lower Llandeilo group, 

*• Upper Llandeilo group ■ y Lo^^ gjj,^ 

e. Bala, Caradoc, or Coniston group, 

A Lower Llandovery group, 

e. Upper Llandovery group, ) 

/. Wenlock group, > Upper Siliuian. 

^. Ludlow group, ) 




a » c d f 

Fig. 60.~Oen6FBlized section of the Sflnrian Bocks of Britain. 



1. The Lower IMndeilo group (Fig. 60, a) derives its 
name from the town of Llandeilo, in Wales, where it consists 
of dark-colored micaceous flags, with earthy shales and gritty 
sandstones. It contains Brachiopods, Trilobites, Graptolites, 
and other fossils, and one of the most characteristic of the 
latter is figured below (Fig. 61). • 




Fig. 61.—Dldfniograp8a8 patiilas (HaO).— Loww TJandrtlo, Qaebec, and SUddaw groups. 



2. The Upper Llandeilo group consists in Wales of a great; 
series of micaceous flags and dark-colored shales, often VFith 
interstratified igneous matter. In Scotland this group consists 
of a great assemblage of shales and grits, the former mostly- 
very dark in color, with anthracitic lands containing numerous 
Gfraptolitea, Besides these singular organisms, the Upper 
Llandeilo rocks of Wales contain numerous JBrachiopods^ Ce^ 
phcdopoda^ and l^ilobites. Two of the most characteristic of 
the last-mentioned fossils are figured on p. 133 (Figs. 62, 63). 



SILUMAN SERIES. 
TJppBB Llandko,© Fossils. 



Tm. tt^Aiaphut tyrannm. Fia. KA^Ogygia BvuMl. 

3. The JSala or Conieton group consists in Wales of 
slates, grits, and sandstones, to the thickness of about 5,500 
feet, with two interstratified limestones. In the north of 
England it consists of black flags, a well-marked limestone 
with intercalated shales, and black mudstones contuining nu- 
merouB Graptolites. The group ia also well developed in Scot- 
land and Ireland. Wherever it occurs, the Bala formation is 
richly fossiliferous, its most characteristic fossils being Brachio- 
pods, belonging chiefly to the genua Ortbds (Figs. 64, 65), and 
liaving a peculiar, simple, plaited form. 

BbAGHIOPODS 07 THE BaIA GbOUF. 




NBatBize. 

It is also characterized by several 7}rUobite8, and by a group 
of peculiar Echinoderms, which are related to the Crinoids or 
Btone-lilies, and which are known as Cystideana (see p. 139 
Fig. 781. 

4, The Lower Llandovery group ia so called &om Its oo- 



134 GEOLOOT. 

currence near tbe tovn of LlandoTery, in South Wales. Tt 
consistB of slates and sandstones, with ^reat beds of conglom- 
erate, and it is uncoafonnably overlaid by the Upper Llando- 
very group, in which also most of its fos^s occur. 

6. The Upper JJandovery group forms in Britain Hie base 
of the Upper Silurians, and rests unconfonnably upon the 
Lower Llandovery, which forms the summit of the Lower Si- 
lurians. This want of conformity, however, between the 
Lower aud Upper divisions of the Silurian series, though cec^ 
tainly the rule in Britain, does not seem to exist elsewhere. 
The Upper Llandovery group consists of limestones, shales, 
oonglomerates, sandstones, and slates, and attains a consider- 
able thickness (nearly 3,000 feet). Amone its most charac- 
teristic fossils, abounding especially, in the limestones, are 
Brachiopods of the genus I'&Uamerus (Fig. 67). 



tn. n^^PiiUiMMRMliHii^iBiiKbh^^af tfaaTTntrmdLaifB'IJu^avBycRiapB. 

6. The Wenloek group consists of a great mass of shale 
and flagstone, underlaid and surmounted by- limestones, the 
whole attaining a thickness of 3,000 feet; It is richly charged 
with fossils, of which, perhaps, the most characteristic are 
corals (Figs, 68, 69, 70.) Besides these, however, occur numer- 
ous Brachiopods and TrUobUes, with various forms of bivaive 
and univalve SheU^h, 

1. The Xiiidlote group consists of shales, limestones, and 
sandstones, in Wales, and of grits and shales in the nwth of 
England, having a total thickness of firom 2,000 to 4,000 or 
6,000 feet or more. 

The entire sarieq is cjiarged \yitih very aumerous fossils. 



SILUBIAN E 
WknWCK COBAIS. 



aOtntdarivt. eothiaitdica. (wMnoAim. 

Oa "duUicanl.'' 

comprising Spongea, Brachiopods, uniiralve and bivalve Mol- 
lusks, Crinoida and Star-fishes, Trilobltes and other Crustacea, 
and a few Graptolitea. Some of the more oharaoteristic iro- 
chiopoda are figured below. 

Lddlow Bbachiofods. 



Besides fbe above, and more remarkable than anr of these, 
are certain remains of fishes, which present us with the first 
undoubted traces of vertebrate animals upon the globe. The 
remains in question are those of fishes belonging to the genus 
J^aspitt and to the order of the Oanoid ^es. The head 
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was ooyered with a singular buckler or shield (Fig. 74), and 

in common with other (^noids the scales 

were in the form of bony plates covered 

by shining enamel. The tail, also, as in 

most Ganoids, consisted of two unequal or 

unsymmetrical lobes. 

At the very summit of the Upper Lud- 
low rocks is a well-known stratum, vary- 
ing from one inch to nearly one foot in 
thickness, and known as the " bone-bed." 
In this bed occur the remains of fishes 
probably most nearly allied to the living 
Port Jackson shark. Spines of such fishes 
occur in abundance, and have been referred 
to the genus Onchus (Fig. 75) ; with these 
also occurs the shagreen of a shark-like 
fish, for which the genus Thdodm (Fig. 76) has been consti- 
tuted* 




Fio. 74.— -Buckler eovcrioir 
the bead of JPUraqpia 
Banktil, from the Lud- 
low rocks (after Murchl- 
son). 



Fishes op the Ludlow Bonb-Bbd. 
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Fia. 'Ib.'-OnchMBtemuMriaiuB, 



Fig. 78.— Shagreen acales of ThOodut, 



This bed is further of interest as containing the earliest 
remains of land-plants. These are in the form of numerous 
minute globular bodies, which have been determined by Dr. 
Hooker to be the seed-vessels of a cryptogamio land-plant, 
probably most nearly allied to our club-mosses. 

SiLUBLAjf Rocks op Nobth Amebiga. — ^The Silurian series 
of North America is a remarkably full and varied one, and a 
general correspondence can readily be established between it 
and the British series. The two series, however, di£Fer in cer- 
tain important points, and nothing more than a general equiv- 
alency can be asserted to exist between them. The main 
divisions of the Silurian rocks of North America are as follows 
(Fig. 77) : 

a. Trenton Period, ) t ^ ^ ci • « 

h. Hudson Period,' [ ^^^"^ ^^^""^ 

c. Niagara Period, 1 

d. Salina Period, V Upper Silurian. 

e. Lower Helderberg Peripd, ) 
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1. The Tirenton period corresponds to the Llandeilo period 
of Britain, and is characterized by the predominance of lime- 
stones, of which the two most in^ortant are the Chazj Lime- 
stone and the Trenton Limestone. The Trenton Limestone is 




Tig, 77. — Generalized section of the Silurian rocks of "SorOk America. — a, limestones of the 
Trenton period; b^ Hudson Biver and Utica slates; e, Niagara group; d^ SaUna group; 
e, Lower Uelderbeig group. ^ 

splendidly exposed at the Falls of Trenton in Central New 
York, and is believed to be higher than the Llandeilo, and to 
represent the Bala Limestone of'Wales. Fossils are extremely 
abundant in the Trenton period, consisting especially of 
Brachiopods, Trilobites, and Cephalopods allied to the Nautilus. 

2. The Hudson period comprises the two groups of the 
TTtica Shales and Hiidson River Shales^ both well exhibited in 
the State of New York. The Utica Shale varies in thickness 
from 15 to 300 feet or more, and consists chiefly of dark- 
colored shales, sometimes with intercalated beds of limestone. 
The Sudson River Shales vary from 20 to 1,600 feet in thick- 
ness, and consist generally of shales or slates, becoming, how- 
ever, highly calcareous in the West. The shales of both 
groups are often highly carbonaceous. The fossils are chiefly 
Trilobites, Corals, and Bivalve MoUusks, with an abundance of 
Graptolites. The Hudson period is believed to correspond 
with the Bala or Coni^ton period of Britain. 

3. The Niagara period in its fullest development com- 
prises conglomerates and sandstones at the base (Oneida 
group), marls and sandstones (Medina group), sandstones and 
shales, sometimes calcareous (Clinton group), and shales and 
limestones (Niagara grou})). The fossils are extremely abun- 
dant, the predominant forms being Corals, Crinoids, and Bra- 
chiopods. The Niagara limestone, over which the Niagara 
River is precipitated to form the great falls, is undoubtedly 
the equivalent of the Wenlock group of Britain. The lower 
beds, namely the Clinton, Medina, and Oneida groups, proba- 
bly correspond with the Llandovery groups of Wales. 

4. The Salina period comprises marls, sandstones, and 
limestones, with masses of gypsum, the whole impregnated in 
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many places with salt. The salt is obtained for oomm^tsial 
purposes from wells synk in the strata to a depth of some- 
times more than 300 feet, t^ brine thus obtained being sub- 
sequently evaporated by the heat of the sun, or artificially. 
Fossils are very scarce in this period. 

5. The Lower Hdderherg period derives its name from 
the Helderberg Mountains, south of Albany, where the rocks 
of this period attain a thickness of more than 200 feet. The 
Lower Helderberg strata are essentially limestones, capable 
of being subdivided in the State of New York into several 
minor subdivisions, characterized by their included organic 
remains or mineral characters. The fossils of the period are 
extremely abundant and consist chiefly of Corals, Crinofids, 
and Brachiopods, among which last the genus Pentamerus 
(Fig. 67) is conspicuously represented. The Lower Helderberg 
period is believed to correspond with the Ludlow period in 
Britain. 

The annexed table shows the subdivisions of the Silurian series as de- 
veloped in the State of New York, and their supposed British equivalents ; 
the table being in ascending order : 

Suurian strata of New York. British eqmvalents. 

1. Trenton period (comprising the Chazj, ^ The Lower Silurian se- 
Birds-eye, Black-River, and Trenton limestones), ries (comprising the Llan- 

2. Hudson period (comprising the Utica ^detlo, Bala, and Lower 
shales and Hudson River shales). J Llandovery groups). 

I The lower portion of the 
Upper Silurian 8eries(coin- 
' prising the Upper Llan- 
J dovery and Wenlock). 
4. Salina period (comprising the Guelph lime- f j^ British eauivrfent. 
stone and Onondaga salt group). [ ^^ "^^'^ equivalent. 

6. The Lower Helderberg period (comprising ] The higher portion of 
the Tentaculite and Water-lime groups, the Lower I the Upper Silurian series 
Pentamerus limestone, the Delthyris shaly lime- [(comprising the Ludlow 
stone, and the Upper Pentamerus limestone). j group). 

LiFB OF THB Silurian Perioix — ^In the lower portion of 
the Cambrian series, as we have seen, or^nic remains are 
exceedingly scanty ; but in the upper portion of the same fos- 
sils are tolerably abundant, and belong in part to types which 
pass upward into the overlying Silurian series. Tlie fossils 
of the Silurian series are almost exclusively marine, the only 
exception being the traces of land-plants allied to recent Club- 
mosses which have been discovered in the very highest beds 
of the system. The only other vegetable remains which have 
been hitherto detected are referable to sea-weeds, and these 
are tolerably plentiful and well preserved in some beds. The 



8. Niagara period (comprising the Oneida 
conglomerate, Medina sandstone, Clinton group, 
and Niagara limestone). 
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lower forms of animal life {Protozoci) are represented by Fora- 
miniferous Shells and by Sponges, as well as by certain singular 
fossils which are apparently transition-forms between the two. 
The Zoophytes ( CodentercUd) are represented by the Grap- 
toliteSy and by numerous Corals. The former are almost ex- 
clusively Silurian fossils, and are preeminently characteristic 
of the JJoioer Silurian rocks. They commence in the Upper 
Cambrians, in which they seem to attain their maximum (sup- 
posing the Skiddaw and Quebec groups to be rightly referred 
to this formation). They are represented by many forms in 
the Lower Silurians, and they are found in greatly-diminished 
numbers in the Upper Silurian rocks, only a single genus being 
known to have survived into the succeeding period of the Old 
Red Sandstone. Corals are very abundant in many parts of 
the Silurian series, certain formations, such as the Niagara 
limestone, being so largely composed of these fossils, that they 
have been supposed to be ancient coral-reefs. The -EcAeno- 
derms are more especially represented by the group of the 

Crinoids^ or Stone-lilies, of which many beautiful foims occur 
in both Lower and Upper Silurian strata. Nearly allied to 
the Crinoids is a singular group of Echinoderms known as 

Cystideana (Fig. 78), which are preeminently characteristic 
of the Lower Silurian period, but are found in diminished 
numbers in the Upper Silurians. They resembled the Crinoids 
in having a jointed stalk or column, which in most cases served 
as a stem of attachment; but the body was protected by cal- 
careous plates immovably jointed together, and there were 
rarely any true arms. The groups of the Star-fishes and Brittle- 
stars were also found in Silurian seas, and are especially 
abundant in the Upper Silurian period; but no true Sea- 
urchins have hitherto been discovered. 

The lower division of the AnmUose sub-kingdom is rep- 
resented by the tracks of sea- worms, and by the tubes of Tube- 
worms. The higher division of the Articulatea appears to 
have been represented wholly by the Crustaceans, no Spiders, 
Centipedes, or Insects, having been hitherto detected. When 
we consider, however, that these creatures are almost all air- 
breathers, and that Jbhe Silurian strata are all marine, we need 
not be surprised at this. The two most important groups of 
Silurian Oruatacea are the Trilohitea and the Eurypterida, 
The former abound in all the divisions of the Silurian series, 
and some of the characteristic forms have been already figured 
(Figs. 63, 63). They are somewhat allied to the living Horse- 
shoe Crabs, and are distingtiished (Fig. 79) by having the 



head protected hy a Bemicircular shield, while the body is 
more or less distinctly three-lobed. 

The Eurypterida (Fig. 45) were mostly of very large size, 
some having attained a length of several feet. They are de- 
cidedly allied to tiie receot Horse-shoe Crabs (Zdmidua). They 
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are confined to the upper portion of the Silurian series, and 
pass upward into the succeeding formation of the Old Hed 
Sandstone, 

The sub-kingdom MoUtmta is very largely represented in 
the Silurian deposits. The lowly-organized shell-fish known 
as Brachiopoda are so abundant in all parts of the system, 
that the Silurian period has been spoken of as the "age of 
Brachiopoda." Illustrations will be found in Figs. 6+-66, 
and 71-73. The true bivalves and the univalve shell-Gsh 
are also represented by many and varied forms. The highest 
division of the Mollusks — that of the GephcUopoda or Cuttle- 
fish order — is represented by an enormous number of forms 
more or less closely allied to the Pearly Nautilus. Some idea 
of the abundance of these organisms m^ be obtained from 
the fact that M. Barrande has described over a thousand species 
from the Silurian rocks of Bohemia alone. The most abundant 
and characteristic of the Silurian Cephalopods are the Oriho- 
ceratites (Gr. orthos, straight; keras, horn). These resembled 
the Nautilus in essential structure, but the shell was straight 
and not curved into a spiral (Fig. 81). The size of some of the 
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Orthocerata was very remarkable, specimens having been 
found of a length of seven or eight feet. In nearly allied forma 
the shell was more or less curved (Fig, 80), but it is never 
coiled into a close spiral as in the Kautilus. 

SlLUBIAlT CSFHALOFODS. 
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The sub-kingdom Vertebrata ia only represented in the 
highest division of the Silurian rocks, and there only in its 
' lowest forms, namely by Fishes, The discovered remains, 
however, indicate the existence in the later Silurian seas of 
two orders of fishes. Ganoid fishes, allied to the living Stur- 
geon, and Shark-like fishes, allied to the living Port Jackson 
Shark. It is noticeable, also, that no undoubted traces have 
hitherto been discovered of the lower orders of fishes, and 
that remains of these may be looked for in the inferior portion 
of the Silurian syBtem, 



CHAPTER XVn. 

OLD BED SAKD8T0NB. 

The Silurian rocks are suoceeded upward by a great sjeh 
tern of rocks, mainly of the nature of sandstones and conglom- 
erates, to which the name of Old JRed Sandstone has been ap- 
plied. The name Devonian formation is also employed to 
designate these same strata, rocks supposed to belong to this 
period being largely developed in Devonshire, in England. 
It is probable, however, that the Devonian rocks represent a 
portion only of the Old Red Sandstone, and that they cannot 
be regarded as the full equivalent of the Old Red Sandstone 
of other regions. The term " Devonian " may, however, when 
thus understood, be usefully employed as a general term for 
all the strata which intervene between the Silurian System 
and the succeeding formation of the Carboniferous rocks. 

The uncertainty as to the exact position of the Devonian 
rocks of Devonshire in the series of the Old Red Sandstone, 
or the uncertainty as to whether they represent the Old Red 
Sandstone in whole or in part, arises from this — that though 
both formations are fossiliferous, the peculiar fossils of each 
are never found associated together. The peculiar fossils of 
the Old Red Sandstone proper are not found in the rocks of 
Devonshire; and the fossils of the latter, though found in 
equivalent strata on the Continent of Europe, do not occur in 
the beds to which the name of Old Red Sandstone was origi- 
nally applied. This, however, may be largely due to the fact 
that, while the Devonian strata are undoubtedly marine in 
their origin, there seems reason to conclude that the Old Red 
Sandstone proper was, in part at any rate, a fresh-water de- 
posit. The two groups, therefore, might be truly contempora* 
neous, and yet might not contain the same fossils. 

Old Rsd SAjEOMSTOinB ov BBrrAiK. — ^The Old Red Sand* 
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stone ia preSminentlj a Britisli formation, and is better devel- 
oped in Scotland than anywhere else in the world. It is 
divisible into three divisions, the Lower, Middle, and Upper 
Old Red Sandstone. 

The Lower Old Red reposes with perfect conformity upon 
the highest beds of the Upper Silurians, the two formationa 
appearing to pass into one another by an intermediate series 
of " passage-beds," which contain large Crustaoeana of the 
fiimily of the Eurypterida. The Lower Old Red consists mainly 
of massive conglomerates, with sandstones, shales, and concre- 
tionary limestones. Its organic remains consist chiefly of 
plants, Crustaceans, and fishes. The plants are sometimes 
abundant, but are always imperfect, though they show occa- 
sionally woody tissue, and exhibit decided indications of a 
terreslrial origin. The Crustacea are abundant, and are all 
JEurppterids, similar to, though specifically distinct from, the 
Eijrypterids of the Upper Silurian (Fig. 45). The most char- 
acteristic fossils, however, of the Lower Old Red are JUhes, 
some of which are peculiar to this period. Among these 
is the singular genus Oephaiaspis, which agrees with the 
^eraapia of the Ludlow rocks in having the head covered 
with a buckler of eoamelled plates (fig. 82). 
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The Middle Old Med of Scotland consists of dark-gray 
flagstones, bituminous, flaggy shales, and conglomerates, 
sometimes accompanied by Siales having irregular calcareous 
nodules imbedded in them. The fossil remains are chiefly 
fishes, with one Crustacean, and a few plants. 

The C^>per Old Bed of Scotland consists of pebbly con- 
glomwates, sandstones and shales, and contains many fishes. 
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a good many fragments supposed to belong to sea-weeds, 
and some undoubted land-plants. One of these, a fern 
(Fig. 83), has been found in beds of the same 
age in Ireland, and has been described under 
the name of AdiantiUs Mibemicus. It is 
accompanied with a large fresb-water mussel 
{Anodonta Jukeat), and with fisb-remains. 
The plants of the Upper Old Bed as a whole 
approximate in general characters to those 
oi the coal'formation. The fishes of the Up- 
per Old Red are all specifically wid generi- 
cally distinct from those of the Carbooiferous 
formation. One of the most characteristic 
forms is figured below (Fie. 84). 

In Britain generally, wnile the lower Old 
Red is always conformable with the Upper 
Silurian, and the Upper Old Red is almost 
always conformable to the Lower Carbonifer- 
ous rocka, there appears to be always a want ^rffa^to«S§S»fcw 
of conformity between the Lower and Upper 
Old Red. Wherever this unconformity, however, has been 
observed, the Middle Old Red appears to be wanting; while 



no systematic break can be detected in the equivalent rocka 
in North America. 

Rocks op Dbtvohshibb. — In North and Soutb Devon 
there occurs underlying the Carboniferous rocks a great series 
of strata which has been regarded as the equivalent of the Old 
Red Sandstone. Though certainly referable, in great part at 
any rate, to the period of the Old Red Sandstone, it does not 
appear that the Devonian rocks can be regarded as the eguiva- 
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fen^oftheOld Red Sandetone of Scotland. The Devonian rocks, 
however, are largely represented on the Continent of Europe, 
and they are richly tbesiliferous ; though they do Dot contain any 
of the characteristic Cruetaceans, and only one or two generic 
representatives of the characteristic j?flAes of the Scotch Old Red. 
The Devonian rocks of Devonshire consist essentiRlly of 
greenish slates, alternating with eandstones, conglomerates, 
and well-developed bands of blue crystalline limestone and 
calcareous slates. They have been divided into three groups, 
distinguished by local names. The most characteristic fossils 
of the Devonian rocks are Corals, Braohiopods, and Trilobites, 
with Oinoids, and bivalve and univalve Mollusks. Among the 
Srackiopode, the most characteristic forms belong to the genus 
Spirifer (Fig. 85), and are distinguished by their being greatly 
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extended from side to side. These fossils are so abundant in 
certain strata of the same age in Germany, that the name of 
" Spirifer-sandstone ' is given to the 
beds. Among the corals, one of the 
most remarkable is iheC'alceola (Fig. 86), 
Tvhich IS furnished with a lid or cover, 
and was long regarded as being referable 
to the Brachiopods. 

Trilobites are abundant in many De- 
vonian beds, and in many cases belong 
to SUurian genera. A Teir abundant 
and charactenstic species is tlie Fhacopa 
kUifrom (Fig. 87). 

Dbvomian Rocks of Nobth Amer- 
ica. — In no country in the world prob- 
ably is there a finer and more complete 
exposition of the strata intervening be- 
tween the Silurian and Carboniferous for- 
»M.8T^Ria«5«to«(Aw». mations, ttian in the United States. The 
DBTOohn of Eowpe, Atji, following are the main subdivisions of 
^^«ti. «d: Boath ^jj^ Devonian rocks of the State of New 
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»• Lower Devoman. 



York, in which, probably, the series is most tjrpicallj dis- 
played (see section, Fig. 87^^) : 

1. Oriskany period (Oriskany Sandstone), ' 

2. Corniferous period (comprising the 

Cauda-Galli grit, Schoharie grit, and 
Upper Hdderberg group), . 

3. Hamilton period (comprising the Mar- 

cellus, Hamilton,andGrenesee groups), 

4. Chemung period (comprising the Por- 

tage and Chemung groups), 

5. Catskill period (Catskill Sandstone), 



> Upper Devonian. 




Fio. 87X* — Generalized section of the Deyonian rocks of the State of New York. — a^ Oris- 
kany sandstone; &, Corniferous series; c, Hamilton series; d, Chemung series; e, 
Catskill series. 

1. The Oriskany Sandstone has a thickness of from five to 
thirty feet, and is named from the town of Oriskany, in Oneida 
County, New York. The rock is mostly a coarse-grained, yel- 
lowish sandstone, replete with fossils, of which the most nu- 
merous and characteristic forms are JBrachicpods. The fossils 
of the Oriskany sandstone are in many respects related to 
those of the highest Silurian rocks, and the determination of 
this formation as the base of the Devonian series is to a great 
extent an arbitrary one. 

2. The Corniferous Period is characterized by sandy strata 
in its lower portion, and calcareous beds above. The lowest 
beds (Cauda«Galli grit) are characterized by a singular spiral 
fossil, which has been supposed to be a sea-weed. The calca- 
reous division (Upper Helderberg group) extends from East- 
ern New York to beyond the Mississippi, and contains a pro- 
fusion of fossils, especially Corals, Brachiopods, and Trilobites. 
The corals especially are so abundant in some beds as to leave 
no doubt that the rock is the remains of an ancient coral-reef. 
In this period, also, are the first discovered remains of Fishes 
as yet found in the American Continent. These remains are 
referable partly to shark-like fishes, and partly to Ganoids^ and 
it is noticeable that their occurrence in America is considerably 
later than in Britain, where fishes are found in the Upper Si- 
lurians. The name *^ Corniferous '' is derived from the fact 
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tbat one of the Hmestones of this period (Comiferous lime« 
stone) contains numerous nodules of homstone, a kind of im*- 
perfect flint. The homstone occurs much in the same way as 
the flints in chalk, and, as we shall see hereafter, its origin is 
a similar one, for it has been shown to contain remains of simi- 
lar organisms. The name Comiferous is, therefore, derived 
from this fact (Lat. comu^ horn ; fero^ I bear). The maximum 
thickness of the rocks of the Comiferous period appears to 
fall short of 400 feet, and it is much less tluin this in most lo- 
calities. 

3. The rocks of the Sdmilton Period are shales, sometimes 
highly carbonaceous, at the base (Marcellus shales), shales, 
flags, and limestones (Hamilton beds) in the middle, and 
shales again at the top (Grenesee shales). The maximum 
thickness of the entire series is short of fourteen hundred feet. 
In this series have been detected the remains of true Conifer- 
ous trees, allied to the living Pines, along with plants resem- 
bling the living Club-mosses, but attaining a comparatively 
gigantic size {Lepidodendron and SigiUaria). The most 
characteristic fossils of the period are bivalve Mollusks and 
Brachiopods, and among the latter are some of the broad- 
winged Spirifers so characteristic of the Devonian of Europe. 

4. The Chemung Period is composed wholly of sandy and 
shaly beds, and has a maximum thickness of little more than 
three thousand feet. Land-plants are not uncommon in this 
period, and sea-weeds are abundant. The animal remains are 
chiefly Bivalve MollmkB allied to the recent scallops and 
pearl-oyster, Brachiopods and Cephalopoda. 

5. The rocks of the CataJciU Period are also sandy and shaly, 
the arenaceous beds being generally red in color, and often 
conglomeratic. Their thickness varies from 2,000 to as much as 
6,000 feet. Fossils are very scarce, and consist chiefly of 
land-plants and fragments of fishes. Among the latter are the 
remains of a JSoloptychivSy similar to a species which is char- 
acteristic of the Upper Old Red in Scotland (Fig. 84). 

LiFB OF THE Devonian Period. — ^Taken as a whole, and 
especially as regards its development in North America, the 
life of the Devonian period appears to be transitional between 
that of the underlying Silurian and overlying Carboniferous 
series. The Plants of the Devonian period are, upon the 
whole, very closely allied to those of the Coal-measures, in most 
cases agreeing generically, and sometimes being even specifi- 
cally identical. We find here, for the first time, the remains of 
regular exogenous trees, resembling the modem Pines and 
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Cypresses, and referable to the gTmnospennouB sectioa of tie 
IMcotvledons. We find also here for the first time true ferns 
(Fig. 83), many of which resemble those of the Coal-njeasures. 
Lastly, we have here the characteristic carboniferous plants 
SigiUaria and X^dodendron. These are believed to be most 
neurly allied to the Oiyptogamic Club-mosses of the present 
day, but they attained the altitude of trees, A specieB of 
Sigillaria from the Chemung group is figiu^d below (Fig, 88). 
Allied to these, but not found in the coal, is the genus Psilo- 
phyton, which has been established by Dr. Dawson, of Mont- 
real, for a plant which is very common 
in the Devonian of Canada and New 
York. The same high authority has 
determined the occurrence of wood of 
an exogenous tree referable to the 
angiospermous division of the Dicotyl- 
edons, and resembling, therefore, our 
ordinary trees and shrubs. In conueo' 

tion with these remains of an old land- i 

surface, we may notice that the Devo- 
nian formatioD in America has yielded 
the first traces of air-breathing animals, 

in the form of Insects, somewhat allied ' 

to the May-flies of the present day, | 

The lowest forms of animal life are Fa.e^—aigOUiriaCktmmv- 
represented by sponges. The next divi- «ttm'(Bnsr^£ilQ!' 

sion of the animal kingdom ( Ccdente- 

rata) is represented by one or two Graptolites — the last of this 
singular family — and by very numerous and varied forms of 
corals. Crus'teceans are abundant, and are represented by 
numerous Trilobites, by gigantic Eurypterids, and by some 
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small fOTms allied to the living water-fleae. The JUoUvaea are 
lar^ly represented in Devonian time, and the Sraekiopods 
are especially predominant. The true bivalve Mdlluaks are 
abundant, and some of the forms are very charaoteristic of the 
period. This is the case with the species figured above {Fig. 
89). Univalve Mollnsks are also not uncommon, but some of 
the Cephalopods are more important and more characteristic. 
The forms allied to the Nautilus of the present day are rep- 
resented by the genua Clymenia (Fig. 90), which agrees with 
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the Nautilus in having simply curved partitions between the 
chambers of the shell. Here also occur for the first time the 
forerunners of the great family of the Ammonites, in the 
form of the genus Goniatitea. The shell in this genus resem- 
bles that of-the Nautilus in shape, but the partitions are lobed, 
and the siphuncle is placed on the back of the shell Ortko- 
eeratitea stUI continue to be represented. 

The sub-kiagdom of the Vertebrates is still represented by 
fishes only; but these are bo abundant that the Devooian Pe- 
riod has been termed the " Age of Fishes." The order of the 
Ganoids, with shining bony scales, is represented most numer- 
ously by many singular forms, of which two have been already 
figured (Figs. 83 and 84). Besides the Ganoids, however, are 
found the fin-apines of fishes believed to be most nearly allied 
to the living PortJackson Shark, and belonging, therefore, to 
BDother and a higher order. It is further to be remembered, 
as already remarked, that the appearance of fishes b later in 
America than in Britain. The earliest remains of fishes in 
Britain have been found in the Upper Silurian rocks (at the 
base of the Ludlow Series) ; but no American fossil fishes 
have hitherto been found in any stratum earlier than the lower 
portion of the Conuferoiu serietf. 
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CABB0NIFEB0T7S FOBMATIOK. 



Oyeblthtg the great formation of the Old Red Sandstone, 
or Devonian rocks, sometimes unconformablj but more often 
in perfect conformity, we have the lasge and important series 
of the Carboniferous ItockSy so called because workable beds 
of coal are more commonly developed in this than in any 
other formation. It must not be forgotten, however, that coal 
is not exclusively a Carboniferous product, but that workable 
seams of coal occur in several formations younger than the 
Carboniferous. In all cases, too, the coal forms but a verv 
small proportion of the actual thickness of the Carboniferous 
rocks, occurring in comparatively thin beds intercalated in a 
great series of sandstones, shales, and limestones. 

The Carboniferous rocks are largely developed in Britain, 
on the Continent of Europe, and in fTorth America, and are 
known to occur in other parts of the world alsa Their general 
composition, however, is, comparatively speaking, so uniform, 
that it will be suflScient to take a general view of the format 
tion without considering each area separately. As a general 
rule, the Carboniferous rocks may be divided into the follow- 
ing three groups, from below upward : 

1. The Carhomferoiia Slates and Mowrktain Idmestoney 
mainly and most typically calcareous. Sometimes termed the 
sub-carboniferous group. 

2. The Millstone Ghrit^ essentially arenaceous and con- 
glomeratic. 

3. The Coal^measureSy composed of alternating shales, 
sandstones, and other strata, with workable beds of coal. 

L The Carboniferotts, Sub-carboiopbrous, or Moun- 
tain, Limestone, constitutes ordinarily the base of the Car- 
boniferous system. In Ireland, however, and elsewhere the 
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lowest beds of the Carboniferous series are slates and grits, 
which attain a maximum thickness of 5,000 feet, and have 
been termed the Carboniferous Slates (Fig. 91, a). Their 
fossils are partially referable to good Carboniferous types, and 




Fio. 91. — Qea&ttlX sectloii of the CarboniferonB rocks. — a, Carboniferons slates; ft, Carbo- 
niferons limestone; c, Millstone grit; (2, Coal-measures ; 0, Devonian rocks; /, Permian 
rocks. 



partly to Devonian forms, so that they may be regarded as 
passage-beds. The Carboniferous limestone proper in its most 
typical development, as in Wales and the west of England, 
consists of a great mass of nearly pure limestone, from 1,000 
to 2,000 feet thick, with a few beds of shale. In other places, 
however, it is more or less broken up into a series of different 
beds of limestone, alternating with sandstones, grits, and 
shales, and sometimes containing beds of coaL In North 
America it is never purely calcareous, but consists mainly, or 
entirely, of sandstones and shales, sometimes with thin beds 
of coal, or deposits of clay iron-ore. Westward, however, it 
becomes more highly calcareous. 

As the Carboniferous limestone is generally a marine for- 
mation, its fossils are usually those of sea-animals. In those 
places, however, in which beds of coal occur in this series, 
plant-remains are tolerably abundant and agree in their charac- 
ters with those of the Coal-measures. In some places, also, the 
series includes beds of undoubted fresh-water origin. As a 
rule, however, marine fossils characterize the Carboniferous 
limestone, and they are generally very abundant. The great 
limestones of this formation in particular are almost made up 
of fragmentary or peffect fossils, chiefly referable to Corals, 
Crinoids, and Brachiopods. The Corals (Fig. 92) are especially 
abundant, the rock sometimes having all the features of an 
old coral-reef. Two of the more common and widely-dis- 
tributed forms are figured here (Figs. 92, 93). Crinoids are 
extremely abundant, the entire rock in many places being 
composed of little else than the broken stems of these beauti- 
ful fossils, when it is spoken of as " Crinoidal Limestone." It 
is rare, however, to find unbroken specimens. The body and 
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arms of a characteristic species are figured below (Fig. 9i). 
Nearly allied to the true Crinoids are the J*eti(remites, which are 
very characteriatio of some beds of this fonnation. They dif- 
fered, however, from the Oinoids in not posueasing the joint«d 
feathery arms of the latter. Here, also, for the first time we 
meet with true Sea-urchins belonging to two genera, and 
differing in some importaut respects irom all living forms. 

Among the most abundant and characteristic fossils of the 
Carboniferous limestone are the very numerous JSrachiopods, 
of which certainly the most characteristic are a number of 
species of the very well-marked genus I*rodueta (Fig. 95). 



Fig. H.—OvaaiiitrMtitflitiim. Tia. tO^Prodtiala —mirMcalala. 

Members of this genua are found all over the world, wher«ver 
the Lower Carboniferous rocks are derelc^ied ; and they some- 
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fames ftttain a veiy large size. AloD^ with these are Sptri/ers 
and other species. Bivalve and univalve Mollusks are of com- 
mon occurrence, and some of both have even been found re- 
taining their original bands of color, C^kalopodous shells 
are not uncommon, especially large Orthoceratitea and Go- 
• niatites. One of the commonest forms of the latter, both in 
Europe and North America, is Goniatites crentatria (Fig. 
96). 

The OruOacea are chiefly represented by small forms, 
allied to the living wateivfleas, the bivalve cases of which are 
extraordinarily abundant in certain beds. Here, also, we have 
for the last time Trilobites, but these die out finally before the 
deposition of the Coal-measures. 

The remains of Vertebrate animals, with one exception, 
are referable to fishes. The exception to this is constituted 
by the footprints of an Amphibian, allied probably to the liv- 
iQg newts, which has been discovered in North America. 
These tracks have been described under the name uf Sauropus 
primcBVuB, and they constitute as yet the earliest indication 
of animal life higher in the scale than fishes. The fishes of 
the Carboniferous limestone are mostly referable to genera 
-which more or less resemble the Port>Jackson Sharik, and 
which are represented merely by their broad crushing teeth 
rt'ig. 97). Besides these there are teeth of true Sharks ( Gla- 
aodtts), along with numerous fin-spines. 




Tni. M.— fiOiUiKftM artnitlrta. fls. tl.—Tetlh qf CtcAHedi 



H. Thb MnjsroNB Grit. — ^The highest beds of the Cai^ 
boniferouB limestone are succeeded, usually conformably but 
sometimes un conformably, by a series of sandy and gritty 
beds which have been termed the Millstone grit. In its most 
typical form the Millstone grit consists of a series of hard 
quartzose sandstones, the component grains of which are 
sometimes so lai^ as to be more properly called small 
pebbles, when the rock becomes a fine conglomerate. In other 
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cases regular conglomerates are present, and there are some- 
times shales, limestones, and thin beds of coal. The thickness 
of the Millstone grit varies from 1,000 to 1,700 feet as a rule ; 
but sometimes its thickness is very greatly diminished. Fos- 
sils are scarce, and offer no peculiarity. 

III. The CoAL-MsASUBBS. — ^The Coal-measures proper sue-' 
ceed the millstone-grit conformably, and consist of a great 
series of shale, sandstone, grit, and coal, attaining a total 
thickness, when well developed, of from 7,000 to 15,000 feet. 
Except in Scotland, .where workable coal-seams occur below 
the horizon of the millstone-grit, it is mostly from the true 
Coal-measiu'es that coal is obtained ; the largest and most pro- 
ductive coal-fields of the world occurring in Britain, North 
America, and Belgium: In their mineral nature, the Coal- 
measures, all over the world, exhibit a wonderfid genial uni- 
formity of composition. They consist, namely, of dark, often 
nearly black, earthy and laminated shales, yellow, brown, and 
purple sandstones, sometimes spotted, but very rarely red in 
color, along with occasional beds of limestone and clay iron- 
ore, and beds of coal of varying thickness. These alternating 
beds may follow one another in any order, and may be repeat- 
ed over and over again, the total thickness sometimes reaching 
the enormous amount of 14,000 feet, or nearly three miles. In 
the South Wales coal-field the series consists as usual of sand- 
stones, shales, and coals, alternating with one another, and in- 
dicating a slow but probably intermittent depression of the 
area which they now occupy. In this coal-field there are about 
80 distinct beds of coal, each of which-»-as we shall subse- 
quently see — ^represents an ancient land-surface. Each of 
these beds reposes upon a sandy shale or cjay, which is known 
as the "underclay" or "floor" of the coal, and through which 
spread numerous fossils referred to the genus Stigmaria, and 
now known to be the roots of plants {SigiUaria), Each seam 
is also surmounted by a bed of shale, forming the so-called 
"roof" of the coal, and in this are found nimaerous flattened 
and compressed branches and stems of plants. 

The phenomena just indicated lead us to a consideration 
of the vegetable remains of the Coal-measures, and of the origin 
of coal. The Lower Carboniferous rocks, as already said, are 
mainly marine in their origin, and contain marine fossils. The 
Coal-measures, on the other hand, are characterized by the oc- 
currence of terrestrial organisms, chiefly but not exclusively of 
a vegetable nature, along with the remains of brackish-water, 
£resh-water, or sometimes marine animals. The most abunr 
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dant and cbaracteriBtio fossils of the Co&l-measiires are plants, 
of which there is a great variety of very remarkable forms, 
mostly differing widely from existing plants. Not only 
is the coal * itself merely compressed vegetable matter, but 
more or less perfect plant-remains occur throughout the entire 
series. The more important plants of the C^-measures are 
the following: 

F&ma are very numerous in the Carboniferous series, and 
several hundred species have been described. Some of them 
were tree-like, others more of the size of the common ferns, 
and many are extremely like living species. 

About forty species of plants have been referred to the 
genus Lepidodmdron (Fig. 98), which is believed to have 
been most closely allied to our living Club-mosses {I/ycopodia- 
cece), but of gigantic size. The remains referred to Lepido- 
dendron consist of cyliadrical stdms or trunks covered with 




leaf-scars, marking the points where the leaves were formerly 
attached. Sometimes the leaves may be found attached to 
the stem, and in some rare cases the cones or fruit may be 
found in connection with the ends of the branches. These 
cones, however, are more commonly found in a detached condi- 

• OmI eouiaU of neaily pnn Mrtwn. with null proportlafu of hjAtogeo ud oi^teu, 
■nd B mlcnU qnsDtlty ormliisnil nutter. MAimjnoiHoiwIlsciulcoDldliliilcaDODSlclenlilB 
qmntito of jMMiu InimdleiHa. and bnni* wlHi m bdrtt.yolViw flime, ArWirarittiainsii 

blnlib flBme, All coil !■ composed of lucMsiii^a bjms, or iBmliue, uid BomeameB dliUaot 
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tion, and they have been deBcribed under the name o( libido- 

strobile. No living member of the Club-mosses.or Grround-pines 
attains a greater height than three feet ; but some species of 
Xejndodendron must have been lofty trees, for specimeoa are 
known to have exceeded fifty feet in length. 

Of common occurrence, also, in the coal-measures are 
the vegetable remains known as Calamiiea (Figs. 100—103). 
These .consist of cylindrical, furrowed, and striated stems, 
divided at intervals by joints, or articulations. The lower 
extremity (Fig. 103) tapers oB into a conical point, where 
the stem was doubtless attached. The'original view as to 
the nature of Calamites referred them to gigantic Horse-tails 
(Sl^iaetacea) ; and the tendency of modem investigation is 
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to coDfirm this view, though it is rejected by competent 
authorities. True Horse-tails (^Equiaetites) certainly do occur 
in the coal, and, as the size of these is considerable, the great 
size of the Calamites need not necessarily render this view at 
all improbable. 

Among the most abundant and most important of the coat- 
plants are those referred to the genera SigiUaria and Stigma- 
fia, which are now known to be nothing more than different 
parts of the same plant. Many species <^ SigiUaria are known, 
and some of these attained a great height (as much as CO or 
70 feet in some instances), though they do not appear to have 
branched except close to their siimitiit. They consist of fluted 
stems (Fig. 103), marked with longitudinal ridges, between 
which are rows of single or double scars, indicating the points 
of-at^tacbment of the leaves, Iu.numerous instances SigUla- 
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ricB hare been fouod In their origiaal upright position ; and in 
many cases it appears that the interior 
must have decayed much more rapidly 
than the exterior, so that, if upright, 
the interior may be filled with sand- 
stone, and, if prostrate, the stem has 
been completely crashed and flattened. 
Ab regards size, stems of Sigilktria 
vaiy irom a foot to as much as five feet 

iin diameter, with a height of from 30 
to 70 £eet. The well-known foesil 
Stigmaria (Fig. 104) has now been 
shown to be nothing more than the 
root of SigiUaria, tiie actual connec- 
tion between the two lun-ing been in 
many instances demonstrated. Stig- 
maria occurs in the form of long, 
jM. Ke^rmRineoi oi «ff«!a- compressed, or rounded fmirmentB, the 
HaU>.ig^ (B«mg,u:w.) g^j^^j g^^^^g ^f which is covered 
with shallow tubercles, each of which has a little pit or de- 
pression in its centre. From each of these pits, in perfect 
examples, there proceeds a long cylindrical process, or rootlet ; 
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but these in ordinary examples have disappeared. The ex- 
act botanical position of the SigiUarim is uncertain ; but the 
inost probable view would regard them as a peculiar group of 
GymnospermouB Esogens. 

Of the remaining plants of the Coal-measnres may be men- 
tioned true Coniferous trees, related to the recent Norfolk 
Island Pines {Araucaria). Flowering plants are of very rare 
occurrence, and it is doubtful if any true Dicotyledonous An- 
£^oeperms have hitherto been detected. 
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Obiqin of Coal. — As regards the orii^ of ooal, only two 
theories need be mentioned : firstly, that coal is the result of 
the drifting tc^ther and accumulation by water of enormous 
quantities of vegetable matter of all kinds ; and, secondly, that 
beds of coal are due to the gradual decay, upon the surface 
where it grew, and through long periods, of a dense vegeta- 
tion, so that each coal-seam represents an ancient land-su^ce. 
It is possibly that in some instances the first theory may be 
correct. It is possible, namely, that in some rare^instances a 
great river may have brought down drift-wood and other vege- 
table matter in suffident amounts to have ultimately formed 
a bed of ooal. The purity of ooal, however, and its general 
freedom from earthy or sandy matter — difficult to explain upon 
any theory — becomes wholly inexplicable upon this view. In 
the great majority of cases, and most probably in all, coal- 
beds have been formed by the gradual growth and decay, 
throughout long periods, of a rank vegetation. The correctness 
of ^is view is shown, not only by the absence of impurities 
in ooal, but by the common occurrence of upright stems and 
trunks still retaining their vertical position (Fig. 105). In 



other cases, again, further and still more convincing evidence 
can be obtained in support of this view from the phenomena 
of the " nnderclay," which forms the " floor " of the coal-seanL 
This "underclay," upon this view, ought to represent the an- 
cient soil upon whi^ grew the plants which formed the coaL 
In the underclay, accordingly, we find SUgmaria In-anohing 
freely in every direction, while in the coal itself, or in the 
shale which forma the " roctf " of the coal, are the stems and 
trunks of SiffiSaria, of which the ^igfnariw are the root$. 
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The general belief, then, about the Coal-measures, is that 
they have been deposited in a manner which is very closely 
similar to, if not exactly identical with, the way in which are 
produced the deltas of our great rivers, such as the Ganges or 
Mississippi. Such deltas at the present day form vast alluvial 
flats, or plains, very little elevated above the sea, composed of 
the fine mud and sediment brought down by the river, and 
supporting a dense and luxuriant vegetation. To explain the 
phenomena of the coal-measures, we must suppose that after 
the lapse of a certain period, when a sufficient amount of vege- 
table matter had been accumulated upon such a marshy tract, 
a submergence took place beneath the waters of the sea. The 
vegetable accumulations would then gradually be buried be- 
neath a series of sedimentary deposits, such as sandstones or 
shales, which would contain the remains of marine animals. 
Or it might be, if the submergence were slight, that the sunk- 
en area should be covered by the river itself, or by brackish 
water. In this case, the fossils of the beds deposited above 
the vegetable layer would be those of fresh water, or those 
proper to brackish water. If, now, an elevation took place, or 
sufficient sediment were deposited to counteract the previous 
subsidence, a fresh land-surface would be formed upon which 
a fresh swamp or jungle would be produced. The same de- 
pression, repeated a second time, would convert this in turn 
into another bed of coal, again surmounted by marine, fresh- 
water, or brackish-water beds ; and so the process might be re- 
peated indefinitely, till such a vast series as the coal-measures 
of Nova Scotia might be produced. 

In accordance with this generally-received theory as to the 
origin of coal, we find in the Coal-measures the remains of 
various air-breathing animals, both Vertebrate and Invertebrate. 
If each seam of coal with its underclay represents an ancient 
land-surface, this is just what we might have expected. We 
find, then, the remains of various true Insects, Scorpions, Spi- 
ders, several species of the class of the Centipedes {MyrtOr 
poda\ and air-breathing Shell-fish, allied to living Snails. As- 
sociated with these are a number of Newt-like animals, most, 
U not all of which, are referable to a peculiar and now extinct 
group of the Amphibians. These have been called Ldby' 
rtnthodontSy from the complex and labyrinthine structure of 
the teeth. Several of these attained a very large size, and a 
figure of one of the smallest is given hereafter (Fig. 106). 

Also in accordance with the above theory we find the beds 
associated with the coal to contain the remains of marine, ^ , 
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fresh-water, or brackisb-wat«r animals. AmoD^ these may be 
mentioned Crustaceans allied to the living Water-fleae and 
King-crabs, bivalve Shell-fish, Cephalopods, Bracbiopods, and 
Qumerous fishes, some of which were of large size and highly 
predaceous. The marine fossils, as a rule, have a general agree- 
ment with the forms of the Carbcmiferous Limestone. 



I^ lW^-AnAeffo»awiu miiuv, i ftnill Amphlblui ftom tlie ooitmeunrei (8urbraek> 

LiFR OF THB Cabboiofebous Pebioq. — Ab regards the 
plants of this period, it is sufficient to point to the great pre- 
dominance of Gryptogamous, as compared with Ptianerogor 
mous plants, the Gymnospermic Exogens being almost the 
only representatives of the latter. 

The lowest forms of animal life {Jh-o(ozoa) are representefl 
by the shells ol ForaminiJ'era, which are sometimes so abundant 
as almost to make up the whole of certain limestones. The 
Coelenterateeaie represented by numerous Corals, which abound 
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especially in some of the limestones of the Lower Carbonifei^ 
ous series. The Eehinod^tnata chiefly figure in the form of 
Crinoids and allied forms, but we now meet for the first time 
with true Sea-urchins. The Articulates are well represented 
by both auvbreatbing and water-breathing forms. The Trilo- 
bitee nmke their last appearance in this period, but they were 
represented by but a few forms, and these died out before the 
Coal-measures were deposited. The Cnwiacea are represented, 
however, by numerous minute forms with bivalve shells, like 
the living Water-fleas (Fig, 108), and by larger forms nearly 
allied to the recent Horseshoe Crabs (Fig, 107). ITie air- 



,— Zimulut nOtatdata*. n faaSi Fia. 108.— Bnun bivalve Cnutitoeiiis 

ineBhoe crsb (mm thu coal {Oythert in^fiaia), ulorsl elia 

and magniaed. (Aftsr Hinlil- 



breathing Articulates are represented by Insects, Spiders, Scor- 
pions, and Centipedes — in fact, by all the great classes at pres- 
ent in existence. The MoUusca are largely represented in all 
their great divisions. Brachiopoda are numerous, and the 
two Iodine genera are Producta (Fig. 95) and Spirifer (Fig, 
109). Biv^ve Mollusks, especially those allied to the Scoops 



Fnt. ita.—Spiriftr trigmaU*. Fib. nO.— Spirifer gldbtr. 

and Pearl-mussels, occur in great plenty, and there are also 
many Univalves. The OepJuUopoda are represented chiefly 
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by OrthoceratiteSj often of great size, and by Ooniatites (Fig. 
96). Vertebrate life is pretty abundant, and we have now 
numerous Amphibians, in addition to the fishes, which are so 
characteristic of the preceding Devonian period. The fishes 
are mainly Ganoids^ and have all unsymmetrical or unequa]ly- 
lobed tails. The Amphibians all belong to the extinct order 
of the LabyrirUhodonts. 



\ 



CHAPTER XIX. 



PBSHIAN BOCKS. 



The Carboniferous series is succeeded by a group of beds, 
"which complete the Palaeozoic formations, and which were 
termed Permian Mocks by Su* Roderick Murchison, from the 
province of Perm, in Russia, where they are extensively devel- 
oped. Formerly these rocks were grouped with the succeed- 
ing formation of the Trias under the common name of '* New 
Red Sandstone." This name was given them because they 
contain a good deal of red sandstone, and because they are 
superior to the Carboniferous rocks, while the Old Red Sand- 
stone is inferior. Nqwadays, however, the term *' New Red 
Sandstone " is rarely employed, unless it be for red sandstones 
and associated rocks, which are seen to overlie the Coal-meas- 
ures, but which contain no fossils by which their exact age 
may be made out. Under these circumstances it is sometimes, 
convenient to employ the term " New Red Sandstone." The 
New Red, however, of the older geologists is now broken up 
into the two formations of the Permian and Triassic rocks, the 
former being the top of the Palaeozoic series, and the latter 
constituting the base of the Mesozoic. 

The Permian rocks, as a rule, repose unconformably upon 
the underlying Carboniferous rocks, but seem to pass upward 
conformably into the Trias, in most instances. The division, 
therefore, between the Permian and Triassic rocks and, conse- 
quently, between the Palaeozoic and Mesozoic series, is not 
founded upon any marked physical break, but upon the differ- 
ence in the life of the two periods. 

The Permian rocks exhibit their most typical features in 
Russia and Germany, though they are very well developed in 
parts of Britain, and they occur in North America. When 
well developed, they exhibit three main divisions : a lower set 
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of sandstones, a middle group, generally calcareous, and an 
upper series of sandstones, constituting respectively the Low- 
er, Middle, and Upper Permians (Fig. 111). 




Fia. HI. — Generalized section of the Permian rocks. — a, Lower Permian rocks; d, Middle 

I'ermians; c, Upper Permians; <2, Coal-measures. 

In Russia, Germany, and Britain, the Permian rocks con- 
sist of the followingmembers : 

1. The Lower JPermians (Fig. Ill, a), consisting mainly 
of a great series of sandstones, of different colors, but usually 
red. The base of this series is often constituted by massive 
breccias with included fragments of the older rocks, upon 
which they may happen to repose ; and similar breccias some- 
times occur in the upper portion of the series as well. The 
thickness of this group varies a good deal, but may amount 
to 3,000 or 4,000 feet. 

2. The Middle Permians (Fig. Ill, ft), consisting, in their 
typical development, of laminated marls, or " marl-slate," sur- 
mounted by beds of magnesian limestone (the " Zechstein " 
of the German geologists). Sometimes the limestones are 
degenerate or wholly deficient, and the series may consist of 
sandy shales and gypsiferous clays. The magnesian limestone, 
however, of the Middle Permians is, as a rule, so well marked 
a feature that it was long spoken of as the Magnesian Lime- 
stone. 

3. The Upper Permians (Fig. Ill, c), consisting of a 
series of sandstones and shales, or of red or mottled marls, 
often gypsiferous, and sometimes including a bed of lime- 
stone. 

In North America, the Permian rocks appear to be confined 
to the region west of the Mississippi, being especiaUy well 
developed in Kansas. Their exact limits have not as yet been 
made out, and their total thickness is not more than a few 
hundred feet. They consist of sandstones, conglomerates, 
limestones, marls, and beds of gypsum. 

Ljfe of the Permian Period. — ^The Permian rocks have 
yielded a very considerable number of plants, most of which 
are specifically distinct from the plants of the Coal-measures. 
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Though the species, however, are diatinct, many of the Per- 
mian genera date from the antecedent Carboniferous period. 
Thus, besides several genera of Carboniferous ferns, the Per- 
mian rocks contain the well-known genera Lepidodendron 
and Calamites; but Sigillaria and Stigmaria Have hitherto 
not been shown to have survived the Coal period. Conifers 
allied to the living firs are not uncommon, and one of the 
more characteristic is figured below (Fig. 113), 



Pio. m.—Walchia pint/ormia. b Permian Conifer (aftec Gnlbier^— a, BnnoJi; ft, Twig; 

Corals are rare in the Permian rocka, and the older typea 
have now almost wholly disappeared. Echinoderms are also 
scarce, and require no special notice. The most abundant and 
most characteristic fossils of the Permian period — after the 
plants — are Mollusks and Fishes. Besides forms, such as the 
Lace-coral, allied to the living Sea-mosses and Sea-mats, the 
lower Mollusks are represented hy various Brachiopods. 
Among these are representatives of the genera Producta (Fig. 
113), and ^nrifer (Fig. 115). Some of the Brachiopods agree 
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specifically with those of the Carboniferous period, and the; 
are all of Palieozoic types. In addition to the Brachiopod 
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there are numerous Bivalve MoUusks, with some Univalves 
and Cephalopods. The fishes of the Permian rocks are all of 
Palaeozoic types, being mostly Ganoids, and having invariably 
unsymmetrical or unequally-lobed tails (Fig. 116). The species 




Fig. 116.— Bestofed oatUne a/t Pakeonlseut. 

are peculiar, but most of the Permian genera are also found 
in the Coal-measures. One of the most characteristic genera, 
viz., PalceonisctiSy is figured above. Besides fishes, the Mid- 
dle Permians have yielded the bones of a true reptile, which 
is known by the name of Protorosaurus, It is the oldest 
known example of a true lizard, and is believed to be most 
nearly allied to the great Monitors of the old world. 



CHAPTER XX. 



TBIASSIC FOBMATION. 



Wk come now to the consideration of the great 3fe80Zoic, 
or Secondary series of formations, consisting, in ascending 
order, of the Triassic, Jurassic, and Cretaceous systems. The 
Triassic group forms the base of the Mesozoic series, and cor- 
responds with the higher portion of the New Red Sandstone 
of the older geologists. Like the Permian Rocks, and as im- 
plied by its name, the Trias admits of a subdivision into three 
groups, a Lower, Middle, aiid Upper Trias (Fig. 117). Of 




FiQ. 117.— Generalized section of fhe Triassic rocks. — o^ Bnnter Sandstein; &, Mxuchel- 
kalk ; c, Reaper; <£, Bheetic beds; «, Lias; /, Permian rocks. 



these subdivisions th6 middle one is wanting in Britain ; and 
all have received German names, being more largely and 
typically developed in Germany than in any other country. 
Thus, the Lower Trias is known as the Bunter Sandstein, the 
Middle Trias is called the Muschdkalkj and the Upper Trias 
is known as the JKieuper, 

L The lowest division of the Trias is known as the JBunter 
Sandstein (Fig. 117, a), from the generally variegated colors 
of the beds which compose it (German, hunt^ variegated). The 
Bunter Sandstein of the Continent of Europe consists of red 
and white sandstones, with red clays, and thin limestones, the 
whole attaining a thickness of about 1,500 feet. The term 
•* marl '' is very generally employed to designate the clays of 



tbe Lower and Upper Trias, but tho term is inappropriate, as 
they contain no lime, and are, therefore, not genuine marls. 
In Britain the Bunter Sandst«in consists of red and mottled 
sandstones, with unconsolidated conglotnemtes, or "pebble- 
beds," the whole having a thickness of about 1,300 feet. Tlie 
Bunter Saadstein, as a rule, is very barren of fossils. In 
Britain it has yielded httle, except some singular hand-like 
footprints (Fig. 118), which were originally ascribed to an 

S^ ^t^ ^^ 

Fis. IIB.— FoDtprints of Oittrviherl-am, In Biatiaj. 

unimowD animal under the name of CTteirotherium {Gr. cAetr, 
hand ; (Aer, beast), but which are now known to have been made 
by a large Amphibian belonging to the order of the Ixibyritir 
thodonta. On the Continent the 
Bunter haa yielded a consideraMe 
number of plants, chiefly ferns and 
conifers, not one of which occurs in 
the Upper Trias. The most char- 
acteristic of these plants is the 
Coniferous tree, VoUzia, of which 
an example is given in Fig. 119. 

11. The Middle Trias is not de- 
veloped in Britain, but constitutes 
in Germany a formation termed the ' 
Musohelkatk (Germ. Musehel, mus- 
sel ; Ealk, limestone), from the 

abundance of fossil shells which it contains. It consists of 
gray or yellowish limestones (Fig. 117), sometimes magneslan, 
including occasional beds of gypsum and rock-salt. Among 
the most characteristic fossils of the Muschelkalk are the 
shells of Ceratites (Fig. 120), a Cephalopod somewhat allied 
to the Pearly Nautilus, but belonging to the same family a« 
the Ammonites. CeratUes, however, is distinguished by hav- 
ing the partitions which divide the chambers of the shell 
(Fig. 120, c) simply denticulated, and not by any means 
elaborately frilled aa in the Ammonites. True Ammonites and 
Selemnites, both, as we shall see, highly characteristic of the 
later Secondary rocks, are wanting in the Muschelltalfc. Very 
characteristic, also, of the Muschelkalk is the beautiful stooe 
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Tia.iW.—Ceratittt nodoiue.—a. Siie -view; i.FrODtilew; a OatEaeoToDeDf ibeputl- 
lioQB iJivldlDK Uie cbamber« of th« aheD. 

lily (£hcHnus UliiformiBj Fig, 121), heads and stems of which 
are found in considerable abundance. Fishes are fer from un- 
common in the Muachdkalk, and there are also the remains of 
several reptiles. 

III. The Upper Trias or Keuper consists 
of about 1,000 feet of sandstones, marls, or 
clays, generally red or green, with rock-salt 
I and gypsum, and sometimes beds of dolomite. 
1 The Keupcr in Britain is very unfossiliferous ; 
I but it contains in Germany a good many 
I plants, some of which {such as Ualamites) are 
F of Carboniferous genera, wliile most agree 
more with the plants of the Lias and Oolites, 
consisting chiefly of Ferns, Horse-tails, Coni- 
fers, and Cycads. Besides these, there are the 
remains of Fishes, with some Reptiles. The 
I Keuper passes upward, both in Britain and 
Germany, into a set of beds of a very remark- 
able nature, which are known by various 
names, but may be spoken of here as the 
HhcElic beds, as they occur in the Rhietic 
Alps. The most characteristic fossils of these 
beds are three shells — a Cockle (Cardium 
Shceticum, Fig. 122), a Scallop (Pecten Valo- 

jbj. 121 Eneriniit ntensU, Fig. 123), and a Pearl-mussel (Avicu- 

uuifitrmit. la contorta, Fig. 124). This last is so abun- 
dant that the beds are often spoken of as 
the A.vieula contorta beds. 

Besides these, there occurs in this series of beds a peculiar 
stratum known as the " bone-bed," from its being almost entirely 
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made up of the teeth and scales of Tarious fishes, some of which 
are figured below (FigB. 125-127). In addition to fish-remainB, 
the bone-bed has yielded the teeth of two email Mammals, the 
earliest fossil quadrupeds as yet known to us. Of these, the 




—CanUam Bhatt- Tia. ISH.—p/etm Foto- Pia. m.—AetaOa « 



first discovered and most celebrated is a little predacious ani- 
mal, probably marsupial, which has been described under the 




name of Micrale»te» antiquus, and which is only known by 
one of its grinders (Fig. 138). 




-Dlffenot TlewB of Qie molir tootb of Mkrvtitl4t ttiMqimt. 



In the Austrian Alps, the Avictda contorta beds are under- 
laid by nearly 3,000 feet of calcareous strata which must be 
referred to th* period of the Upper Trias, and which are 
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replete with fossils, most of which are Mcsozoic, while a few 
are of Palaeozoic types. Thus, we find in these beds the 
Palteozoic forms Orthoceras and Ooniatitm, which make here 
their final appearance. Mixed with these ancient Cephalopods, 
occurs the tiiaracteristic Triassicform Ceratites {Fig. 130), and, 
in addition to these, we find true Ammonites and Melemnilea, 
which form such a marked feature in the life of the later 
Jurassic period. The same wonderful iDtennixture of ancient 
with modem types is seen also in the other fossil Mollusks 
of these strata, but we may especially remember that in the 
Upper Trias we lose sight of the genera Orthoceras and Goni- 
atiies, and for the first time meet with AmmoniteB and Selem- 
nitis. 

Teiassio Rocks of Noeth America. — Bocks of Triassio 
age occur in several areas in the United States between the 
Appalachians and the Atlantic seaboard ; but they show no 
such triple division as in Germany. The rocks of this age 
consist of red sandstones, sometimes shaly or conglomeratic, 
and occasionally with beds of impure limestone. One of the 
most celebrated of the Triassic areas of the United States ia 
in the valley of the Connecticut River, where the beds have 
yielded the footprints of various different animals. Among 
these are a number of paired footsteps of different sizes and 
with different characters, and undoubtedly produced by ani- 
mals which walked upon two legs only. Some of these prints 
are four-toed, and' these hare been produced by reptiles, for it 
is now known that some extinct reptiles walked, habitually or 
occasionally, upon two legs. Others (Fig. 139), again, are 
three-toed, and these have generally been ascribed to birds. 



Flo. 119.— TfanH-toed liiotprliiM from llie Trlu of lli« ConiiKtlcDt ytSej. 

If this supposition be correct, we have here the earliest indi- 
cations yet known to us of the existence of birds. Other 
more extensive areas where Triassic rocks appear at the surfoce 
are found west of the Mississippi, on the slopes of the Rocky 
Mountains, where the beds consist of sandstones and gypsif- 
eroua marls. Besides numerous reptiles, and the supposed 
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tracks of birds, the American Trias has yielded the remains of 
plants, insects, fishes, and Mammals. The fishes are remark- 
able because we here meet for the first time with forms having 
symmetrical or equally-lobed tails. The Mammals are repre- 
sented by the lower jaw of a small quadruped which has been 
named thromatfieri'um sylvestrCy and is believed to find its 
nearest living ally in the little insectivorous and marsupial 
Mj/rmecobms or Banded Ant-eater of New South Wales. 

Origin op Rook-Salt. — As has been already mentioned, 
rock-salt is commonly found in beds accompanying strata of 
Triassio age, and sometimes attaining a thickness of 90 to 100 
feet or more. The salt may be quite pure, or may be mixed 
with more or less earthy impurity, and the association of rock- 
salt with Triassic strata is so common that the Trias is often 
spoken of as the Saliferous system. As a very general rule, rock- 
salt is found to be associated with sulphate of lime or gypsum, 
and very generally also with magnesian limestones, red sand- 
stones, and red and variegated clays. Still, strata of this kind 
are often destitute of salt, and salt may occur in rocks of a differ- 
ent nature. As to the origin of rock-salt, the generally-received 
theory is, that it has been formed by the evaporation of the 
water of inland' seas or lagoons, which communicate at inter- 
vals with the ocean. It cannot be said, however, that we have 
as yet any theory which will explain all the phenomena of the 
occurrence of rock-salt, or which can be applied to all cases. 

Life or the Triassic Period. — The Triassic period, as 
regards its plants and animals, is in many respects intermedi- 
ate between the Palaeozoic and later Mesozoic deposits, while 
being itself decidedly Mesozoic. Among the plants we have 
some Palaeozoic types (such as Calamites), but there is no 
longer a marked predominance of Cryptogams, and the lead- 
ing forms are Ferns, Conifers, and Cycads.* As regards the 
Invertebrates of the Trias, the intermixture of Palaeozoic and 
Mesozoic types is especially well seen in the MoUicsca, and 
particularly in the Cephalopods. The straight Orthoceratites 
appear here for the last time, as do the GoniatiteSj in which 
the shell was coiled up like the Nautilus, but the partitions 
between the chambers were lobed and not simple. Character- 
istically Triassic is the Geratite (Fig. 120), in which the shell 
is somewhat intermediate between the Goniatites and the 
Ammonites, the partitions between the chambers of the shell 

♦ The Oi/eads are nearly related to the Conifers (Fir-tribe), bnt differ greatly in external 
form and habit. They look like tree-ferns, and are all natives of warm donates. An Aus- 
tralian species is figured at p. 181. 
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being denticulated. Lastly, in the Upper Trias, appear for 
the first time true Ammonites (Fig. 133), in which the par- 
titions between the chambers of the shell are wonderfully 
folded and frilled at their edges. With these also are Bdem- 
nites (Fig. 132), which are really the internal shells or skele- 
tons of cuttle-fishes. 

The VertebrcUes are represented by Fishes, Amphibians, 
Reptiles, Birds, and Mammals, in fact by all the great sub- 
divisions of the vertebrate sub-kingdom. The fishes are all 
Ganoids^ but some of them for the first time exhibit the sym- 
metrical or equally-lobed tails, which characterize the great 
majority of living fishes. The Amphibians are represented by 
LabyHnthodords^ mostly of gigantic size ; but this order of 
the class, which appeared first in the Carboniferous rocks, does 
not appear to have survived the Triassic period. The true 
Reptiles are represented by lizards, swimming reptiles of vari- 
ous kinds, and often of large size, crocodile-like species, and 
others wholly unlike any thmg that we know as existing at 
the present time. The class of 'Birds is represented doubtful- 
ly by the footprints of the American Trias (Fig. 129) ; but if 
these are rightly determined, then the class has its commence- 
ment in this period. Mammals are for the first time repre- 
sented by two or three small quadrupeds, which are only 
known to us by their teeth or lower jaws, but which appear to 
belong to the Mdrsiqnals or pouched quadrupeds, the lowest 
order of the class Mammalia, They appear to be most near- 
ly allied to the living Banded Ant-eater and Kangaroo-rat of 
Australia. 



CHAPTER XXL 



JTTBA6SIC OS OOLmC SSBIBS. 



SuccEEDiNa to the Trias, we have a great series of rocks 
which are known as the Oolitic JRocks^ from their commonly 
containing oolitic limestones, or as the Jurassic Series^ from 
their being largely developed in the mountain range of the 
Jura, on the western borders of Switzerland. The Jurassic 
rocks are very extensively developed in Britain, where they 
consist of the following members in ascending order (Fig. 
130): 

I. lias. 

IL Lower Oolites (consisting of the Inferior Oolite, Ful- 
ler's Earth, Great Oolite, Stonesfield Slate, etc.). 

m. Middle Oolites (Oxford Clay and Coral Rag). 

rV. Upper Oolites (Kimmeridge Clay, Portland Stone, and 
Purbeck beds). 




Fio. 180.— Generalized section of the Jnrasslo roclu.-'a, Lias; &, Lower Oolites; «, lOddle 
Oolites; <2, Upper Oolites; e, Weald Clay; /, Bbsetic beds. 

I. The Jjias (Fig. 130, <£) succeeds the uppermost beds of 
the Trias with perfect conformity, and passes upward, gener- 
ally conformably, into the lowest beds of the lioTivfer Oolites. 
It consists essentially of a great series of bluish or grayish 
laminated clay, alternating with thin bands of blue or gray 
limestone, the whole assuming at a distance a characteristic- 
ally striped and banded appearance. The total thickness of 
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the LUs m&y be over 1,000 feet^ and it teems with fossils, of 
which only a few of the more characteristic can be mentioued 
here. 

Srachiopoda are veiy abundant, and it -is noticeable that 
ve have here the last appearance of the Palaeozoic genus i%>ir- 
ifer. 

Bivalve shell-fish are common, and one of the most charac- 
teristic species is a singular curved oyster, the Gryphma inctcrva 
(Fig. 131). Of all tiie Liassio fossils, however, the most 
abundant and characteristic are the re- 
mains of Otphalopods, allied on the one 
hand te the living Cuttle-fishes, and on 
the other to the Pearly Nautilus. Under 
the first head come the £elemnites (Fig. 
132), or, as they are commonly called, 
" thunderbolts," from their conical form. 
^^' m™?'^!"'* These really are the internal supports or 
skeletons of animals like the living Cut- 
tle-fishes or Squids ; and they consist of a long, tapering, fibrous 
body, enclosing above a hollow chambered portion, and termi- 



Fia. 1S2.— JWoiuiOm tloayaiai. Llia. 



Dating in front in a homy plate, -which is rarely preserved in 
a fossil condition. Under the second head we have true iVau- 
tili, and a vast abundance of different species of Ammonitee, 
of which two characteristic forms are figured below (Figs, 133, 
134). 



H Bit. ai»^-a, Ride ttevr; A, FnmC 
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Echinoderms occur not uncommonly in the Lisa, tte com- 
monest being Crinoida, the form figured below being eqie- 
cially cliaracteriatic and abundant (Fig. 135.) Besides these, 
we find true Searuicbins, Brittle-stars, and Star-fishes. 



Fio. IBS.— iWracrfaM Briartui. X !»*■ •!»■ 

F^hes are very largely represented, both by Ganoids and 
by forms allied to the reoent Fort-Jackaon Shark, the teeth and 
fiii*spiae8 of the latter being especially abundant (Fig. 136). 




ri8. Wt.—Bybodtu retleiitatati—a, Ho-tplda; b. Tooth. 



Lastly, the Lias swarms with the bones, teeth, and petrified 
droppings or " coprolites " of large marine reptiles, which con- 
stitute the genera Ichtkyoaaurua and Pksiosaurus, and which 
will be spoken of at greater length in treating of the life of 
the Oolitic period. 
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n. The J,ower Oolites (Fip, 130, b) conaiat of calcareous 
freestones {Inferior Oolite), shales, clavs, and marls (FuUer's- 
earth), fine-graiaed Oolitic limestones (Great Oolite), with cal- 
' careous fitter at the base (Stoneafield slate), and shelly lime- 
stones and calcareous sandstones (Foreet-marble and Com- 
brasb), the whole having a thickness of from 400 to 500 feet. 
In Yorkshire tbe Lower Oolites consist of limestones with 
carbonaceous shalea and thin seams of coal, which are suffi- 
ciently extensive and constant to be worked for coal. Of this 
age, also, is probably the coal-field of Brora, in Sutherland- 
shire, in the north of Scotland. 



no. ISl.—PttivjAjiUum eomptiaii. Lower OoUUa, Torkahlre. 

Among the fossils of the Lower Oolites, jjlants are very 
abundant m some places, the leading forms being Ferns and 
Cycads. The specimen figured above (Fig. 137) is a Cycad 
belonging to the genua JPterophyllwm. 



Vw.taS.—AsmaiiUti&imjAtttlamu. Inferior OiAta. 
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MoUusca are common in the Lower Oolites, Univalves 
especially so, but there are also Brachiopods and true Bivalves. 
Cephalopods are not so common, but there are some charac- 
teristic Ammonites (Fig. 138). The Echinodermata are rep- 
resented by Sea-urchins and Crinoids, the most characteristic 
form among the latter being the Pear Encrinite {Apiocrirma 
rotundicSy Fig. 139), which sometimes occurs in layers. Corals, 
also, are abundant in some of the limestones. Among the 







Fio. 1S9. — Apiocrinus rotimdvs. — a, Stem and one of the ioints; d, Section Bhowliur the 
Enciinites growing on limestone and enveloped abovo oy clay (now shale); e, Three 
perfect individnalB represented as growing, bat of reduced size; aC, Head, without tbQ 



arms. 



most remarkable, however, of the organic remains of the Lower 
Oolites are three small Mammals which are found in the Stones- 
field slate, and which were long the oldest known representa- 
tives of their class. Two of these have been described under 
the names of AmphUheriwn and Fhaseolotherium^ and are 
certainly Marsupial, the latter (Fig. 140) presenting a dose 



d. 



Fxo. 140.— Lower jaw of Phcucolotheritim BvuiHandir-^ 
a, Natural size; &, Molar tooth magnified. 

resemblance to the living opossums. The third forms the 
genus Stereognathus^ and its exact affinities are still doubtful, 
m. The Middle Oolites are composed of a great mftSs of 
dark-blue, tenacious clay (Oxford clay), with a maximum thick- 
ness of 700 feet, surmounted by from 150 to 250 feet of lime- 
stones known as the Coral-rag, from the number of corals 
contained in them. The fossils of the Oxford clay are chiefly 
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Ammonites and Selemnites^ the little JBeiemnites Jiastatua 
(Fig. 141) being a characteristic species. The Coral-rag may 





Ao. 14A.-^Theeosmiiia awnu 
larii. Coral-rag. 



Fio. m^-^JBelemnUea hcutatw. Oxford Clay. 

be regarded as an ancient coral-reef, and cqntains numer- 
ous ooralsy some of which attained a very large size. A 

characteristic species is ThecosmUia 
anrmlaria (Fig. 142). Besides corals, 
however, the Coral-rag contains nu- 
merous bivalve and univalve Shell-fish, 
with sea-urchins and other fossils. 

IV. The Upper Oolites consist in 
Britain of laminated, sometimes car- 
bonaceous or bituminous clays (Kim- 
meridge clay), forming the base of 
the group, and having a thickness of 
500 or 600 feet. These are succeeded 
by sandstones and limestones (Port- 
land stone) of about 120 feet in thick- 
ness ; and the formation is capped by 
a remarkable group of alternating 
strata of fresh-water, brackish-water, 
and marine beds, with old land-surfaces, the whole known as 
the Purbeck beds, and having a united thickness of about 150 
feet. Of the same age as the Upper Oolites in Britain is the 
Solenhofen slate of Bavaria, an exceedingly fine-grained stone, 
which is largely used in lithography, and is celebrated for the 
number and beauty of its organic remains, especially those of 
Vertebrates. The number of fossils in the Upper Oolites is so 
great that it is impossible to give those characterizing the 
minor subdivisions, and it will be sufficient to indicate some 
of the more striking forms. 

Jfollusca are very numerous, and are represented by ma- 
rine forms in the marine beds, but by fresh-water forms in 

many of the beds of the Purbeck group. 
Oysters are especially abundant, and there 
is one bed in the Purbecks 12 feet thick, 
and composed entirely of the valves of a 
singular oyster, Ostrea distorta (Fig. 143). 
Corals occur in some of the beds, and 
there are also Sea-urchins, and numerous 

Yia. \4A.--O9treadigtorta ^^^ bivalved Crustaceans allied to the 
Middle Pnrbecka. ' living^ Water-fleas. The Solenhofen slates 




have yielded numeroua CnuCacea of higher types, along with 
numerous insects, fishes, Tortoises, and other Reptiles, among 
which the moat siugular are the Flying-lizards, known as Ptero- 
dactyUs (Fig. 144). Besides these, the Solenhofen slates have 
yielded the tirst actual remains of birds 
in the form of the bones and feathers of 
the Arckosopt^^x maervra (Fig. 150). 
The characters of this extraordinary 
bird will be spoken of later on. Loat- 
ly, a thin bud of marl in the Middle 
Purbeck beds has given up the bones 
of DO less iha-n fourteen distinct species 
of small Mammals. These quadrupeds 
are all of small size, and hardly any of 
their bones have hitherto been discov- 
ered, eicept separate branches of the 
lower jaw ; so that it is very difficult 
to refer them to their proper place in 
the class Mammalia. One genus, however, viz., I^giauiax 
(Fig. 146), appears to be almost certainly Marsupial, and to be 
most nearly aJlied to the living Kangaroo-rats. 




Fib. 14B.— Li>v«r>ir Ukd ta^iiiit FlayiaaUia m 



JunASSlO RoCE3 OF KoBTH Ahebica. — Bocks belonging 
to the Jurassic series, in the form of limestones and marls, have 
been detected by their fossils in the Laramie Mountains and 
in other portions of the Rocky Mountains, and also at various 
points in Arctic Ameiica. The extent, however, of these beds 
la unknown, and no subdivisions have hitherto been established 
in them. 

LiFB OF THE Oouno Pbeiod. — The vegetation of the 
Jurassic period is characterized by the abundance of ferns, 
Coniferse, and Cycadaoeous plants, and the rarity of An^o- 
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spermous EiogeBS. The Cjcads are especially abundant 
throughout the whole Oolitic serlea, and tiie subjoined cuts 
(Figs, 146, 147) exhibit the trunk of a fosGil form side hy side 
with a living species, with its crown of feathery leaves. 



Fn). l^—Oi/iiailwidea mtaalophyUa, a Ibs^ Crc*d. Pubock bedi. 

The Srachiopoda of the Jurassic series are decidedly less 
numerous than in the older rocks, and they approximate more 
to living fonns. Bivalve and univalve MoUusks are numerous, 
and upon the whole present a decided likeness to those of ex- 
isting seas. C^haiopoda are extraordinarily numerous, and 



1^ Ht-^-Xamia ^itraJitt a Ivlng Cfful. Anttnlta. 

Atnmonitea and BeUmnitea may be said to be preeminently 
the fossils of the Oolitic rocks. The Crinoids are now con- 
siderably diminished in number, but the Echinodermata are 
represented by an increased number of Sea-urchins, Brittle- 
stars, and Star-fishes. The Crustacea of the Oolitic rocks show 
a very decided advance in structure, and we now meet with 
forms resembling our living Crabs and Lobsters. Insects also 
Bre numerous. 



182 GEOLOGY. 

Fishes are very abundant in parts of the Oolitic series, the 
majority being still Ganoids^ though most of these have the 
symmetrical tail of most modem fishes. Besides these, there 
are many fishes allied to the living Port-Jaclkson Shark ( (7e»- 
tracion)^ and true Sharks and Rays. Reptiles are still more 
numerous than in the Trias, their great abundance in these 
formations and in the Cretaceous epoch having led to the 
naming the Mesozoio period the " Age of Reptiles." The 
Lahyrinthodonts of the later Palaeozoic and earlier Mesozoic 
formations have now disappeared, and we have no longer the 
same forms of true reptiles as characterize the Trias. We 
have, however, four reptiles of especial interest which are the 
types of so many extinct orders. The first of these is the 
MegalosauruSy a gigantic terrestrial reptile, which belongs to 
the order Deinosauria (Gr. deinoSy terrible; saura^ lizard). 
This order is better represented in the earlier portion of the 
Cretaceous period. Secondly, we have ^ a group of extraor- 
dinary flying reptiles, Pterosauria (Gr/pteron^ wing; saura^ 
lizard), characterized by having one finger of the hand enor- 
mously elongated for the support of a leathery membrane by 
which flight was effected. The best known genus of this 
order is Pterodactylus (Fig. 144), of which several species are 
known, varying in size from a crow, up to an expanse of wing 
of 15 to 20 feet, or more. Thirdly, we have two gigantic rep- 
tiles, the types of two distinct orders, the remains of which 
are very common in the Oolitic series. One of these is the 
Ichthyosaurus (Gr. ichthuSy a fish; saura^ lizard), of which 
many species are known. The Ichthyosaurus (Fig. 148) was a 
marine, swimming reptile, fully adapted to an aquatic life by 
having a horizontal tail-fin, and by having all the limbs con- 
verted into flippers or swimming-paddles. The jaws are very 
long, and are ftirnished with numerous conical teeth, so that 
the animal must have been highly predaceous. The Itesto- 
saurus (Gr. plesios^ near to ; saura^ lizard) was also a marine 
animal, inhabiting the sea, and likewise had ihe limbs com- 
pletely enveloped in the integuments, and thus converted into 
powerful swimming-paddles. The PUstosaurus^ however, dif- 
fers from the short-necked and yot^ixAoxxs' Ichthyosaurus in hav- 
ing much shorter jaws and an enormously and disproportion- 
ately elongated neck. Many species of both of these huge 
reptiles are known, and they attained in some instances a 
length of over 30 feet. 

The class of Birds is represented by the tail, tail-feathers, 
and some detached bones of a single bird, the ArcoBopteryo^ 
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tnaerwa (Fig. 150), 'which was about as large as a pigeon. 
This extraordinary bird differed from all living birds in having 
two free claws to the wing, and in having the tail long and 
composed of separate vertebrae, each of which carried a single 
featber on each side (Fig. 150, A). The tail, therefore, .except 
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for the preaence of feathers, was long and lizard-like. In all 
living birds, on the other hand, the tail-feathers spring in a 
bunch from the last few vertebrae of the tail, and the tail ter- 
minates in a single upright, ploughshare-shaped bone, which 
can be erected and depressed at will (Fig, 150, D, E). 



Fbj. 150.— a. Till of JrcAaopUryu 'Mcrura.—B. Two of Iha -Mitelj™ of the till, ut. 
bIzs ; C. A Bipgla ftother, nst lixe ; D. Till of a Bvlng Tnltare : £, SkslelOD at the (all 
ofthosame, ue dotted UtuA sbOAliiff tho aCtaohment of the t^-featlun. 

The Mammals of the Oolitic period are all small, and show 
no decided advance upon those of the Triassic rocks. They 
appear to have been for the most part insectivorous or flesh- 
eating Marsupials, allied to the Uving Banded Ant-eater ( JijT- 
mecMus) and Opossums [D'idelphya), 
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CSBTACEOirS SEBIES. 



Thb next series of rocks in ascending order is the great 
and important jseries of the Oretdceons JRockSy so called from 
the general occurrence in the system of chalk (Lat., creta^ 
chalk). As developed in Britain and Europe generally, the 
following leading subdivisions may be recognized in the Cre- 
taceous series (Fig. 151) : 

1. Wealden, ) t g-. , 

2. Lower Greensand or Neocomian, f ^^^^ Cretaceous. 

3. Gault, 

4. Upper Greensand, i tt n i. 
6. Chalk, h Upper Cretaceous. 

6. Masstxicht beds, 




Fig. 151. — GeneraBzed section of the Cretaceous rocks. — a, Lower Cretaoeons rocks ; &, 
Upper Cretaceous rocks; c, Wealden; rf, Lower Greensand ; «, Gault;/ Upper Green* 
sand; g^ Chalk-noarl ; h^ White Chalk; i, Eocene rocks; o, Upper Oolites. 



L The Wealden formation, though of considerable impor- 
tance, is a local group, and is confined to the southeast of 
England, France, and some other parts of Europe. Its name 
is derived from the Wecdd^ a district comprising parts of Sur- 
rey, Sussex, and Kent, where it is largely developed. Its 
lower portion, for a thickness of from 600 to 1,000 feet, is 
arenaceous, and is known as the Hastings Sands. Its upper 



portion, for a thickoesB of 150 to nearly 300 feet, ia cliiefly 
argillaceous, consisting of 6lays with sandy layers, and occa- 
sionally courees of limestone. The geological thickness of 
the Wealden formation is very great, and it is undoubtedly the 
delta of an ancient river, being compoeed almost 'wholly of 
fresb-water beds, with a few brackish-water and even marine 
strata, intercalated in the Icrwer portion. Its geographlc&t 
extent, though uncertain, owing to the enormous denudatioa 
to which it has been subjected, is uevertheless great, since it 
extends &om Dorsetshire to France, and occurs also in North 
Germany. Still, even if it were continuous between all these 
points, it would not be larger than the delta of such a modem 
river as the Ganges. The river which produced the Wealden 
series must have flowed from an ancient continent occupying 
what is now the Atlantic Ocean ; and the time occupied in the 
formation of the Wealden must have been very great, though 
we have, of course, no data by which we can accurately calcu- 
late its duration. 

The fossils of the Wealden series are, naturaUy, mostly 
the remains of such animals as we know at the present day as 
inhabiting rivers. We have, namely, fresh-water mussels 
( Unio), river^nails {^Paludina)^ and other fresh-water shells, 
with numerous Lttle bivalred Crustaceans, and some fishes. 



Fia. IM^Teeth of Igiumodon MantiUi. "WaiOm. 

Besides these, however — the natural fossils of such a fresh- 
water deposit — we find a number of remains of animals and 
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plants which were brought down by the ciuTent of the ancieot 
Btream. The animal remains consist of the bones of various 
gigantic reptiles belonging to the order DeinosoMria, of Ple- 
. tiodaurus, of the flying J^rodactyles, and of the cases of river- 
tortoises. Of the Xfeinosawria, the most remarkable is Jgua- 
nodon, which resembles the living Iguanas, especially in the 
form of ita teeth (Fig. 152), but which is believed to have 
reached the tremendous length of from 60 to 60 feet. There 
is, also, good reason to suppose that Jguanodon, in spite of its 
vast bulk, walked, temporarily or permanently, upon two legs, 
like a bird. 

Plant-remains occur abundantly in the Wealden, and agree 
with those of the Oolitic series and the Lower Greensand in 
consisting of Ferns, Conifers, and Cycads, without any Angio- 
spennous Exogens. 

IL The Wealden beds pass upward, often by insensible 
gradations, into the Lower Greensand (Fig. 151, d). The 
name Lower Greensand is not an appropriate one, for green 
sands only occur sparingly and occasionally, and are found in 
other formations. For this reason it has been proposed to 
substitute for Lower Greensand the name Necocomian, derived 
from the town of Neufch&tel — anciently called Neocomum — in 
Switzerland. If this name were adopted, as it ought to be, 
the Wealden beds would be called the Lower Neocomian. 

The Lower Greensand or Neocomian of Britain has a 
thickness of about 850 feet, and consists of alternations of 
sands, sandstones, and clays, with occasional calcareous bands. 
The general color of the series is dark brown, sometimes red, 
and the sands are occasionally green, from the presence of sili- 
cate of iron. 

The fossils of the Lower Greensand are jnirety marine, and 
among the most characteristic are the shells of V^halopods. 
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The genus Nautilus is represented by the Nautihts plieatus 
(Fig. 154), and there are a few Amnhonites as well. Besides 
these, we have the allied gemjis Ancyloceraa (Fig. 153), which 
is like an Ammonite partially unroUed, and naving its larger 
end bent inward. There are also Bivalve Shell-fish, Belemnites, 
Sea-urchins, and Corals. 

The most remarisable point, however, about the fossils of 
the Lower Cretaceous series is their marked divergence from 
the fossils of the Upper Cretaceous rocks. Of 280 species of 
fossils in the Lower Cretaceous series, only 51, or about 18 
per cent, pass on into the Upper Cretaceous. This break in 
the life of the two periods is accompanied by a decided physi- 
cal break as well, for the Gault is often, if not always, unoon- 
formably superimposed on the Lower 
Greensand. At the same time, the 
Lower and Upper Cretaceous groups 
form a dosely-connected and insepa- 
rable series, as shown by a comparison 
of their fossils with those of the un- 
derlying Jurassic rocks and the over- 
lying Tertiary beds. Thus, in Britain 

no marine fossil is known to be com- ^^ •ai,-^2iraumvpUcatu$. 
mon to the marine beds of the Upper 

Oolites and the Lower Greensand ; and of more than 500 spe- 
cies of fossils in the Upp^ Cretaceous rocks, almost every 
one died out before the formation of the lowest Tertiary 
strata, the only survivoiB being one Brachiopod and a few 
Forandnifera. 

III. The lowest member of the Upper Cretaceous series is 
a stiflF, dark-gray, blue, or brown clay, often worked for brick- 
making, and known as the QauU^ from a provincial E^nglish 
term. It occurs chiefly in the south-east of Ekigland, but can 
be traced through France to the flanks of the Alps and Bavaria. 
It never exceeds 100 feet in thickness ; but it contains many 
fossils, usually in a state of beautiftil preservation. Besides 
Bivalves and Univalves, the Gault contains many C^halopodSy 
such as Ammonites^ Beleibnites, Amsyloceras (Fig. 155), etc. 

IV. The Gault is succeeded upward by the Upper Green-- 
sand, which varies in thickness from three up to 100 feet, and 
which derives its name from the occasional occurrence in it of 
green sands. These, however, are local and sometimes want- 
ing, and the name " Upper Greensand " is to be regarded as a 
name and not a description. The group consists, in Britain, 
of sands and clays, sometimes with bands of calcareous grit 
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or sQiceoas limestone, and occasionally containing concretions 
of phosphate of lime, which are largely woilced for agricul* 
tural puiposes. 



Vi0. ltibf—Ano^lociraeBpin{gervm. OanlL 

The fossils of the Upper Greensand are chiefly Sponges, 

^Bohiopods, Echinoderms, Cephalopods, Reptiles, and Birds. 

V. Tlie top of the Upper OreeDsand becomes argillaceous, 

and passes up gradually into the base of the great fonnation 

known as the true Chalk, divided into the three Bubdiyisions 

of the chalk-marl, wliite chalk without flints, and white chalk 

with flints. The first of these is simply 

arenaceous chalk, and passes up into a 

great mass of olracurely-strattfied white 

dialk in which there are no flints. This, 

' in turn, passes up iato a great mass of 

white chalk, in which the stratification is 

marked by nodules of black flint arranged 

in layers. The thickness of these three 

subdivisions taken together is sometimes 

over 1,000 feet, and their gec^raphical 

I extent is very greaL White Chalk, with 
its characteristic appearance, may be 
traced from the north of Ireland to the 
Crimea, a distance of about 1,140 geo- 
graphical miles, and, in an opposite direc- 
tion, from the south of Sweden to Bor- 
ria.iM— FniMDiiHiHra- deauz, a distance of about 840 geograpb- 
^mE'aX*'"'"" Seal miles. 

■ The fossils of the Chalk are extreme- 
ly numerous, and consist chiefly of Fm-aminifera, Sponges, 
Echinoderms, Bivalves, and Cephalopods. As regards the first 
of these, almost the whole bulk of ordinary chalk is made up 
of the microscopic shells of Foraminifera, some of which are 
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Bpecifioally identical with forms now existinc^. Sponges are 
very numerous, some being mushroom-shaped, others branch- 
ing, and others funnel-shaped. Of the last, a good example is 
to be found in Ventriculites (Fig. 166). 

Of -the MoUusca, the Chalk yields an enormous number of 
forms allied to the plant-like Sea-mossea and Sea-mats, with a 
good many Brachiopods. Bivalves are very numerous, and 
characteristic, the commonest being Scallops (Pecten) and 
Oysters { Ostrea). An exclusively Cretaceous genus of Bivalves 
is Inoceramu3 {Fig. 157). C^halopods are very abundant, 




of BacuUta 



and their forms are very varied. Sdemnites arid UTavtili are 
present, as well as true Ammonites, but the most character- 
istic forms are Baculites, ScapMtes, and Tvr- 
rilites. These all agree with ih.% Amtnonitea 
in having chambered shells, the partitions 
between the chambers of which are curiously 
folded (Fig. 159), but they differ in the shape 
of the shell. Bcmilites (Figs. 158, 159) 
have a straight, staff-shaped shell, resembling 
an Orthoceraa in shape, but differing in the 
form of the partitions. The shell of the 
TurrUite, again, is coiled into a spiral, the 
convolutions of which do not lie in one plane 
(as in the Ammonite), hut are drawn out 
into a cone or turret (Fig. 160). The Sea- 

{thite, lastly, resembles an AmmonUe, the 
atger extremity of which has been unrolled, 
and is finally bent inward toward the smaller, ^ ,„„ — „,,„ 

-1 , ■'_,. /o- -,„-, ' Fig. 160. — TurrOOa 

coiled-up portion (Fig. 161). tctiatm. 
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Of all the Chalk-fossils, however, none are more abundant or 

more charaoteristic than Sea-urchins, whith occur in very varied 

forms and in a state of beautiful preserva- 

tiou. Two very characteristic species are 

fibred below (Figs. 163, 163). Remains of 

(Fishes are tolerably abundant in the White 
Chalk, and here for the first time we meet 
with Bony Fishes, with flexible homy ecalea, 
resemblii^ the great majority of living 
'^ "i.i^ii?'''*^ Fishes. There are, however, also Shait-like 
Fishes allied to the PortJackson Shark ( Oe»- 
tracion), and ntinieroua true Sharks. 

As the Chalk is certainly a deep-sea deposit, we naturally 
find in it no remains of strictly terrestrial animals or of land- 
plants. Bemaius, however, of Turtles and Pterodactylesocaxa, 
and the latter appear now to have finally died out, as they 
have not been met with in any later deposit. 

VX Id Britain there occur no beds containing Chalk- 
fossils, or in any way referable to the Cretaceous period, 
above the true White Chalk with flints. On the banks of 
the Ma^, however, near Maestricht, in Holland, there occurs 
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a series of yellowish limestones, of about 100 feet in thick- 
ness, and undoubtedly superior to the White Chalk. These 
JUixesiriaht beds contain a remarkable series of fossils, the 
characters of which are partly Cretaceous, and partly Ter- 
tiary. Thus, with the characteristic Chalk-fossils, Sdemnitea, 
SaculUes, Sea-urchins, etc., are numerous Univalve Molluskg, 
such as Cowries and Volutes, which are otherwise exclusively 
Tertiary or Recent, Another celebrated Maestricht fossil is 
the skull of a gigantic marine Lizard, which has been described 
under the name of Moaaaaurus (Fig. 164). 



na. Itt^SkdR of IfaKUasmi Cbmjxri.—Orlgliiii] or«r time fM In tevgtti. 

Holding a similar position to the Maestricht beds, and 
showing' a similar intermixture of Cretaceoiffi forms with later 
types, are certain beds irhich occur in the island of Seeland, 
in Denmark, and which are known as the J^axde JJimeetone. 

Chalk op the Sotjth of Eubope. — The great Chalk for- 
mation of the south-west of England is continuous with a 
similar series in the north of France, the two forming part of 
one continuous mass, in which the Straits of Dover form mere- 
ly a shallow furrow. South of theParisian basin, in the south 
of France, there are again Cretaceous rocks, but the series 
here differs a good deal both in mineral characters and fossils 
from tiie Chalk of the north of Europe. AmmoniCea, for in- 
stance, are very rare, and TurrUitet, ScapAttes, and Selem- 
nitea, appear to be wanting. The most characteristic member 
of the Cretaceous series of the south of Europe consists of 
certain compact marbles, known as MippKrite Umestonea. This 
name is derived from the abundance in these beds of a very- 
peculiar family of Bivalve Mollusks known as Sippteritea (Fig. 
166). All the members of this family were attached and lived 
associated in beds, like Oysters. The two valves of the shell 
are always altogether unlike in soulpturing, in appearance, 
and in shape ; and the cast of the interior of the shell is often 
extremely unlike the outer surface of the shell (compare a and 
(?, Fig, 165). About a hundred different species of the family 
Hipjmritiam are known, all of which, so far as is known, arw 
exclusively Cretaceous, occurrin^r in Britain, Southern Europe, 
the West Indies, Algeria, and the East. 

Cbbtacboxts Rockb op Nokth America. — The Lower 
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Cretaceous rocks are represented not at all, or very feebly, in 
North America; but there is a very extensive development of 
rocks of Upper Cretaceous age in the United States. "The 



Cretaceous rocks occur — 1. At intervals riong the Atlantic 
borda; south of New York, fixim Ne* Jersey to South Carolina ; 
2. Extensively over the States along the Gvlf border, and 3. 
Through a large part of the Western interior region, over the 
slopes of the Rocky Mountains, from Texas northward, to the 
' head-waters of the Missouri on the east of the summit of the 
chain, and far into the Colorado region on the west. Still 
farther north-west in British America, they appear on the 
Saskatchewan and Assiniboine, and also on the Arctic Sea, 
near the mouth of the Mackenzie " (Dana, " Manual of Geol- 
ogy "). The rocks of these areas consist chiefly of sands, maris, 
clajs, and limestones; hut it is to be remembered that there 
is no white Chalk. Green sands are often present, as in New 
Jersey, where they are called " marls," and are largely worked 
for agricultural purposes, their fertilizing properties being 
due to the presence of a small percentage of phosphate of 
lime. The fossils of the Cretaceous rocks of North America 
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agree generally with tbose of the Upper Cretaceous rocks of 
Europe, and some of them will be spoken of in treating of 
the life of the period. 

Oeigin op Chalk and Funts. — As regards the origin 
of the great masses of soft pulverulent White Chalk, it is now 
generally admitted that it is a deep-water deposit, and is 
formed chie% of the shells of those minute I^otozoa which 
are termed Foraminifercu Besearches in the deep Atlantic 
have shown that there is now in process of formation at great 
depths in this ocean a deposit of white, chalky mud, which is 
known as '' ooze," and which, if consolidated, would form a 
chalk-like rock. This ooze is composed almost entirely of the 
microscopical shells of Foraminifera^ especially of the genus 
Globigerina (Fig. 166). Besides these, are the flinty cases of 

Fio.166. Fio.167. Fio.168. Fio. 109. Fia. 17a 






Organic bodies in the ooze of the Atlantic bed at great depths. 

Pio. \^.—Olobigerina huUaides^ a Foramin^fer, 
FiOB. 167-169.^ SlUoeous plants (Diatoms). 
Fio. 170. — Spicule of a siUceoas sponge. 

certain of the lower plants {Diatoms^ Figs. 167-169), also of 
microscopic size ; and, lastly, there are the needle-like spicules 
of flint which are part of the skeleton of the siliceous sponges 
(Fig. 170). 

Chalk, similarly, has been shown to consist in great part 
of the shells of ioraminifera^ some of which are actually 
identical with existing species ; so that there can no longer 
be any doubt as to the chalk having originated as a deep-sea 
deposit, much as we now see in the Atlantic ooze. Not only 
so, but the ooze of the deep Atlantic is further found to be 
peopled with higher animals greatly resembling those now 
found fossil in the Chalk, similar conditions of life favoring the 
occurrence of representative forms. We do not, it is true, 
meet with the characteristic Cephalopods of the Chalk ; but we 
find Sea-urchins, Crinoids, and siliceous Sponges, suflBcient to 
establish a decided resemblance between two deposits so 
widely removed in time. 

As regards the origin of flints in Chalk, it is now generally 
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admitted that these must be also ascribed to organic agencies. 
The water of the sea contains a minute proportion of silica iu 
solution, and this is withdrawn by the living agency of ani- 
mals or plants to fonn their shells or skeletons. Thus, certain 
of the lower plants {Diatoms) secrete a siliceous shell (Figs. 
167-169), and these abound in the waters of the ocean, lakes, 
and rivers. There are also certain animalcules, nearly allied 
to the Foraminifera^ which secrete a flinty shell ; and many 
sponges produce a flinty skeleton. Remains of all these living 
beings may be detected "in sections of flint under the micro- 
scope, and similar bodies have now been found in the nodules 
of hornstone (impure flint), which are found in many of the 
older rocks, from the Devonian upward. We may conclude, 
then, that flints are chiefly due to the exertions of animals and 
plants. Their occurrence in layers seems to be in some meas- 
ure connected with " the periodic growth of large crops of 
sponges " (Owen), 

Life op thb Ceetaceous Period. — As regards the vege- 
tation of the Cretaceous period, we have to mark a great ad- 
vance over the plants of the preceding periods. The plants 
of the Lower Creta-ceous rocks agree with those of the earlier 
Oolitic period, in consisting chiefly of Ferns, Cycads, and Coni- 
fers, without any Angiospermous Exogens. In the Upper 
Cretaceous rocks, however, we meet for the* first time with an 
abundance of forms allied to bur ordinary trees and shrubs, 
and belonging to the class of the Angiospermous Exogens. 
Not only is this the case, but we meet with many familiar 
genera, such as the Oak, Willow, Walnut, Fig, Beech, Poplar, 
etc. It is singular, therefore, to reflect that trees, differing little 
from those of our own forests, should have coexisted with the 
Jimmonites and Selem7iite8^ and other extinct forms of marine 
life which characterize the Upper Cretaceous period. Here, 
also, we meet for the first time with true Palms, 

The Protozoa are represented by numerous Foraminifera^ 
-which are found chiefly in the Chalk, but also in other beds, 
and by an abundance of Sponges of various forms. The Coer 
lenterates are represented by Corals ; the Echinodeirmata are 
represented by a profusion of Sea-urchins; but the Grinoids^ 
so characteristic of the older periods, are now reduced to a 
few forms, nearly resembling living species. Crustaceans are 
not common, the most abundant being little bivalved forms 
like the living Water-fleas ; but there are also a few Barnacles, 
and some of the higher stalk-eyed species, like Crabs and Lob- 
sters. The MoUusca are represented by an enormous number 
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^ of forms, belonging to all the great subdivisions of tha class. 
The Srachiopoda are proportionately much reduced. in num- 
bers, and their forms approximate more closely to living species. 
The JBivalves are represented by numerous types, of which 
some are of existing genera, such as the Scallop and Oyster ; 
while others are exclusively Cretaceous, such as Ihoceramtis 
(Fig. 157), and the entire family of the Stppuritidce (Fig. 
165). Univalves are pretty abundant, but the greatest devel- 
opment of the MoUuscan sub-kingdom is in the class Cephalo- 
poda, which is represented by a great number of complex and 
beautiful forms. AmmonUes and JBdemnitea continue their 
life from the uppermost beds of the Trias, but die out finally 
here. The true AmmonUeB, however, are to a great extent 
superseded by allied forms, such as the Sdculite (Fig. 159), 
the Ikirrilite (Fig. 160), and the Scaphite {Fig. 161). All 
these, also, disappear with the dose of the Cretaceous period. 
The Vertebrate sub-kingdom is represented by Fishes, Rep- 
tiles, and Birds, no Mammals having hitherto been detected. 
In this period we meet for the first time with representatives 
of the Bony Fishes, with thin, flexible, horny scales, such as 
now predominate in existing waters. Here, also, we meet 
with true Sharks, many of which were of large size. The 
older groups of the Ganoids and the fishes allied to the Port- 
Jackson Shark ( Cestracionts) are, however, still represented ; 
and, indeed, both groups have survived to the present day, 
though reduced in numbers. Reptiles are very numerous, and 
are represented by many orders. The Deinosauria, which 
commenced in the Oolitic period, are represented by the 
gigantic Iguanodon of the Wealden, the Hadrosaurus of 
North America, and other forms, but died out during this 
epoch. The marine IcMhyosaurus and Plesiosaurus, with the 
flying Pterodactyles, which also commenced in the Jurassic 
period, are represented in the Cretaceous epoch, and also die 
out at its close. The Lizards are represented by the Mosasau- 
rus of Europe, a gigantic marine reptile, by an equallv gigantic 
and nearly allied form from New Jersey, and by related spe- 
cies of smaller size. Turtles are represented by several forms, 
and there are also true Crocodiles in the Cretaceous beds of 
New Jersey. 



KAINOZOIG EPOCE. 
CHAPTER XXHX 

EOCBNB FOBMATION. 

Bbfobb commencing the study of the subdivisions of the 
Kainozoic series, there are some general considerations to be 
noted- In the first place, there is a complete and entire phys- 
ical break between the rocks of the* Mesozoio and Kainozoic 
periods. In no instance are Tertiary strata to be found rest- 
ing conformably upon any Secondary rock. The Chalk has in- 
variably suffered much erosion and denudation before the 
lowest Tertiary strata were deposited upon it. This is shown 
by the fact that the actually eroded surface of the Chalk can 
often be seen, or, failing this, that we can point to the presence 
of the chalk-flints in the Tertiary strata. This last, of course, 
afibrds unquestionable proof that the Chalk must have been 
subjected to enormous denudation prior to the formation of 
the Tertiary beds, all the chalk itself having been removed, 
and nothing left but the flints, while these are all rolled and 
rounded. 

In the second place, there is a complete break in the life 
of the Mesozoic and Kainozoic periods. With the exception 
of a few Foraminifera^ and one Brachiopod (the latter 
doubtful), no Cretaceous species is known to have survived the 
Cretaceous period ; while several characteristic /ami^e^^, such 
as the AmmonitidoB and Sippuritidce^ died out entirely with 
the close of the Cretaceous rocks. In the Tertiary rocks, on 
the other hand, not only are all the animals and plants more 
or less like existing types, but we meet with a constantly in- 
creasing number of living species as we pass from the bottom 
of the Kainozoic series to the top. Upon this last fact, as we 
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shall see, is founded the modem classification of the Kainozoic 
rocks, propounded by Sir Charles LyelL 

It follows from the constant want of conformity between 
the Cretaceous and Tertiary rocks, and still more from the en- 
tire difference in life, that the Cretaceous and Tertiary periods 
are separated by an enormous lapse of unrepresented time. 
How long this interval may have been, we have no means of 
'judging exactly, but it very possibly was as long as the whole 
Kainozoic epoch itselfl Some day we shall doubtless find, at 
some part of the earth's surface, strata which were deposited 
during this period, and which will contain fossils intermedi- 
ate in character between the organic remains which respec- 
tively characterize the Secondary and Tertiary periods. At 
present, we have only slight traces of such deposits, such, for 
instance, as the.Maestricht beds. 

Classipicatioi^ op the Tertiary Rocks. — ^The classifica- 
tion of the Tertiary rocks is a matter of unusual diflficulty, in 
• consequence of their occurring in disconnected basins, forming 
a series of detached areas, which hold no relations of super- 
position to one another. The order, therefore, of the Tertia* 
ries in point of time can only be determined by an appeal to 
fossils ; and in such determination Sir Charles Lyell proposed 
to take as the basis of classification the proportion of Ivoing 
or existing species which occur in each stratum or group of 
strata. Acting- upon this principle. Sir Charles Lyell divided 
the Tertiary series into four groups : 

I. The Eocene formation (Gr, co«, dawn ; kainos^ new), 
containing the smallest proportion of existing species, and 
being, therefore, the oldest division. In this classification, 
only the Mbllusca are taken into account ; and it was found 
that of these about three and a half per cent, were identical 
with existing species. 

II. The Miocene formation (Grr. meion^ less ; Jcainos^ new), 
with more recent species than the Elocene, but less than the 
succeeding formation, and less than one half the total number 
in the formation. As before, only the MoUusca are taken into 
account, and about 17 per cent, of these agree with existing 
species. 

HI. The Pliocene formation (Gr. pleion^ more; kainoSy 
new), with more than half the species of shells identical with 
existing species ; the proportion of these varying from 35 to 
CO per cent, in the lower beds of this division, up to 90 or 95 
per cent, in its higher portion. 

IV. The Post- Tertiary Pormations^ in which aU the shells 
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belong to existing species. This, in turn, is divided into two 
minor groups — the Post-Pliocene and jRecent Formations, In 
the Post-Pliocene formations, while all the MbUusca belong 
to existing species, most of the Mammals belong to extinct 
species. In the Mecent period, the quadrupeds, as well as the 
shells, belong to living species. 

The above, with some modifications, was the original 
classification proposed by Sir Charles Lyell for the Tertiary 
rocks, and now imiversally accepted. More recent researches, 
it is true, have somewhat altered the proportions of existing 
species to extinct, as stated above. The general principle, 
however, of an increase in the number of living species still 
holds good ; and this is as yet the only satisfactory basis upon 
which it has been proposed to arrange the Tertiary deposits. 



EOCENE FOEMATION. 

The Eocene rocks are the lowest of the Tertiary series, 
and comprise all those Tertiary deposits in which there is only 
a small proportion of existing Molhisca — from three and a 
half to five per cent* The Eocene rocks occur in several basins 
in Britain, France, the Netherlands, and other parts of Europe, 
and in the United States. The subdivisions which have been 
established are extremely numerous, and it is often impossible 
to parallel those of one basin with those of another. It will 
be sufficient, therefore, to accept the division of the Eocene 
formation into three great groups — Lower, Middle, and Upper 
Eocene — ^and to consider some of the more important beds 
comprised under these heads in Europe and in North America 
(Fig. 171). 




R». 171. — Generalized section of the Eocene roclcB. — cr, Lower Eocene; &, Middle Eocene ; 
c, Upper Eocene ; <2, Chalk ; e, London Clay ; / Nummulitic Limestone. 



I. Lower Eocene. — ^The Lower Eocene rocks of Britain 
consist of sands, mottled clays, lignites, and gravels, sur- 
mounted by a great mass of dark-brown or blue clay, which 
has a thickness of from 200 to 500 feet, and is known as the 
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London Clay. The London Claj is a marine deposit, and 
coDtains many marine fossils, with the remains of terrestrial 
animals and plants. AH the remains indicitte a high tempera>- 
ture of the sea and tropical or sub-tropical con- 
ditions. The MoUusca belong chiefly to well- 
known tropical genera, such as Volutes, Cones, 
and Cowries (I''ig> 17^)) and there are also sev- 
eral species of Nautilus and other Cephalopods. 
Cru3ta.ceans allied to the limine; Crabs and Lob- 
sters are likewise abundant. Fish are numerous, 
and are mostly related to the living Sharks, but 
there are also remains of Sword-fishes and Saw- 
fishes. Turtles, Sea-snakes {Pakeophis), and via.yii^Votvta 
Crocodiles, have been detected; and Uie remains Si^^^y.)''^' 
of Birds and Quadrupeds also occur. Of the lat- 
ter, the moat important are Hyrac&thermm, belonging to the 
Hog-family, and Gorppkodon, allied to, but larger than, the 
living Tapirs. 

In North America, Lower Eocene rocks are extensively 
developed at Claiborne, Alabama, and consist of clays, lig- 
nites, marls, and impure limestones. The fossils of the Clai- 
borne beds are very numerous, and belong to the same groups 
as those of the London Clay, except that Mammals appear to 
be wanting. The lignites (imperfect coals) contain numerous 
plant-remains. 

n. Middle Eocenb. — The Middle Eocene of Briton con- 
sists chiefly of sands, clays, and gravels. In France, the Middle 
Eocene consists chiefly of a compact limestone (lie so-called 
" Calcaire Grossier "), which contains an extraordinary number 
of fossils. Among these are more than 130 species of a single 
genus of Univalve Mollusks ( Certthium), almost all the living 
forms of which inhabit estuaries, where tixe water is brackish. 
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Jibraminifera are also wonderfully abundant, whole beds of 
limestone bein^ almost composed of their shells. Some of the 
more characteriatic species are figured above (Figs, 173, ITjl). 
More important than the above minute forms of the J^. 
raminifera are certain large coin-shaped species called Nutn- 
rmUites (Lat nummua, a coin), which occur in the Eocene 
beds of almost all parts of the world. The NummulUes (Fig. 
175) are so abundant in one of the Middle Eocene rocks, that 
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it has been called the "Nummulitic Limestone." This forma- 
tion attains a thickness of sometimes thousands of feet, and is 
largely developed in the Alps. It supplied the stone of which 
the Pyramids were bnilt, and it has been traced through India 
to the frontiers of China. It is worthy of notice in (his con- 
nection that the Eocene rocks of the Alps have not the com- 
paratively soft, incoherent, and unaltered character of the Ter* 
tiajT' rocKS in general. They rival the older Palieozoic rocks 
in Sickness, and are as much contorted, faulted, indurated, 
and cleaved ; while they rise in many instances to very lof^ 
elevations. 
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The Middle Ek)cene rocka of Britain, besides Nurmnulitee, 
contain many univalve and bivalve Mollusks, a lar^ marine 
serpent of the Constricting family {Palceophis), a Crocodile, 
and numerous Fishes. Among the remains of the last of these 
are the pavement-like teeth of huge Rays {Myliobatis)^ and the 
trenchant teeth of large Sharks ( Carcharodon, Otodue, etc., 
Figs. 176, 177). 

The Middle Eocene group is represented in North America 
by lignitic clays and marls which occur at Jackson, Mississippi. 
Among the more remarkable fossils of the Jackson beds are 
the teeth and bones of a gigantic Mammal belonging to the 
order of the Whales, but differing from all existing forms in 
having molar teeth with double roots (Fig. 178). It forms 
the genus Zeuglodon, and attained a length of 70 feet 
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in. Upper Eocbnb. — The Upper Eocene is poorly rep- 
resented in Britain by alternations of fresh-water, bra<^sfa- 
water, and purely marine beds, consisting of clays, SAuds, 
marls, and limestones. The fresh-water beds are characterized 
by the occurrence of Pond-snails, River-snails, and other shells 
peculiar to fresh waters, along with Land-snails. There arc 
also fresh-water Tortoises, Snakes, Crocodiles, and Fishes, one 
of the latter being closely allied to the Gar-pike of the United 
States. Mammals are numerous and belong to several genera, 
the two most important being .Anoplotherium, a hoofed quad- 
ruped forming a kind of link between the Swine and the true 
Ruminants, and Hy<jenodon, a laige carnivorous animal allied 
to the living Hytenas. Here, also, we have the genua Falceo- 
therium, wMch is represented by several species allied to the 
living Tapirs (Fig. 180). 
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The most important member of the Upper Eocene of 
France is the so-called " Gypseous series of Montmartre," 
named from the hill of Montmartre io the vicinity of Paris. 
This series consists of three masses of granular crystalline 
gypsum, largely quarried for plaster of Paris, with intervening 
laminated marls. The most remarkable fossils of this series 
are Mammals, of which about fifty species are known, Foui^ 
fifths of ^hese are hoofed quadrupeds, more or less closely 
allied to the Rhinoceros, Tapirs, and Swine of the present day, 
the two most important genera being Anoplotkerium and 
J'akBotherium. There are also Mareupials, Bats, Bodents, and 
Camijpores, all belonging to extinct species." 

Rocks of Upper Eocene age occur in North America at 
Vicksburg, Misaiasippi, and consist of lignites, clays, marls, 
and limestones. On the White River they are about 1,000 
feet thick, and consist of clays, sandstones, and limestones, of 
fresh-water origin. Among their most remarkable fossils are 
the remains of Mammals, of which about forty species have 
been already determined. Among these we have two Mhi- 
nocerosea, several Camvoorma^ animals, some small animals 
allied to the Mice, and a number of herbivorous animals 
related to the Tapirs, Peccary, Camd, eta 

LiFB OF THB EoCKNB pERiOD. — Little need be added 
here as to the life of the Eocene period, fossils being bo abun- 
dant as to render it impossible to do more than indicate some 
g'enecal oonsiderations. Upon the whole, the plants and ani- 
mals of the Eocene period closely resemble those now in ex- 
istence upon the globe ; not, however, necessarily in the exact 
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localities in which' they are now found. Thus, the modem 
representatives of the plants and animals of the Eocene rocks 
of Emx)pe are not to be found in Europe itself, but in some 
tropical or sub-tropical region. The climatic conditions of Eu- 
rope in the Eocene period were very different to those at pres- 
ent subsisting, and the animals and plants were correspond- 
ingly differenl Still, there are few Eocene fossils which have 
not their modem representatives in warm countries. 

Foraminifera are peculiarly abundant in the Eocene seas, 
and sometimes attained a size rarely equalled by existing 
forms, Nummulites being often as much as three inches in cir- 
cumference. Corals are not abundant, but more closely re- 
semble living types. JBrachiopoda are much reduced in num- 
bers, both individually and as regards the types represented. 
Univalve and JSivcUve Mblhesks are exceedingly abundant, 
and most recent genera are represented, though less than five 
per cent, only are identifiable with existing species. The Amr 
moniteSy TurriliteSy SaculUeSj Sekmhitea^ etc., of the Creta- 
ceous rocks have now disappeared, and the GepJuiUypoda are 
represented mainly by Nautili. Fishes are abundant, the 
leading types being true Sharks, some of which must have 
reached a perfectly tremendous length. The large and won- 
derfully-modified Reptiles of the Mesozoic series are no longer 
in existence, but their place is taken by other form^ agreeing 
more closely with existing t3^pes. Birds are tolerably abun- 
dant, and all the living orders of the class find some ancient 
representative here. Lastly, Mammals show an extraordinary 
advance, both in* point of numbers and development, as con^ 
pared with the Mesozoic period. In the latter epoch we have 
no certain evidence of any quadrupeds higher in the scale than 
MarsupialSy allied to living Kangaroos, Opossmns, etc. In the 
Eocene Tertiary, however, we meet with representatives of 
the greater number of the chief mammalian orders. Besides 
Marsupials, we have Eocene examples of the orders Sirenia 
(Dugongs), Cetacea (Whales), Ungulata (Hoofed Quadrupeds), 
Camivora (Lion, Tiger, Hyaena, etc.), Rodentia (Mouse, Bea- 
ver, etc.), Insectivora (Mole, Hedgehog, etc.), and Cheiroptera 
(Bats). The orders of the ProhoBcidea (Elephants), and Quad- 
rumana (Monkeys), are not known to be represented in this 
period* 
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The Miocene formations comprise those Tertiary deposits 
■which contain less than about 35 per cent, of existing species 
of MoUusca^ and more than five per cent., or those deposits in 
which the proportion of living shells is less than of extinct 
species. The Miocene formations are divisible in EmxDpe into 
a Uower Miocene and Upper Miocene group. 

L LowEB Miocene. — ^The Miocene formations are very 
poorly represented in Britain, their leading development being 
at Bovey Tracy, in Devonshire, where there occur sands, 
clays, and beds of lignite or woody coal. These strata contain 
numerous plants, among which are Vines, Figs, the Cinnamon- 
tree, Palms, and a number of ConifercB, Of the Conifers, the 
most abundant is a gigantic Pine (Sequoia Couttsioe)^ which is 
most nearly allied to flie huge Sequoia gigantea of California. 
Other plant-bearing strata in the Hebrides, on the west coast 
of Scotland, have been referred to the Miocene age. 

In France, the Lower Miocene is represented in Auvergne, 
Cantal, and Velay, by a great thickness of nearlj'^ horizontal 
strata of sand, sandstone, clays, marls, and limestones, all of 
fresh-water origin. Other Miocene deposits occur in Austria, 
Germany, Switzerland, and the Siwalik hills in India, some of 
which will be further alluded to hereafter. 

n. Uppeb Miocene. — ^The typical European deposits of 
Upper Miocene age occur in the valley of the Loire, in France, 
and are known as the " Faluns,'' a provincial term given to 
shelly sands employed to spread upon soils which are deficient 
in lime. The Faluns occur in scattered patches, which are 
rarely more than 50 feet in thickness, and consist of sands 
and marls. The fossils are chiefly marine, but there occur 
also land and fresh-water shells, and the remains of niunerous 
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Mammals. Some of these last, such as the Walrus, Manatee, 
and Dolphin, are aquatic ; while others are terrestrial, such as 
the Sippopotamvx, Shinoceros, JtfaModon, aud Deinothenum 
(Pig. ISl), The Mastodons resembled the Elephauts iu most 
respects, but differ in the shape of the molar teeth. The Dei- 
notherium was a gigantic I'robostntiean, allied to the BUephaots, 
but differing in possesalDg greatly-developed incisor teeth in 
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the lo#er jaw, which formed long, curved tusks, bent down- 
ward in a most singular manner. The shells of the Faluns 
belong to more than 300 spedes, of which onlj 45 are common 
to the Pliocene. They indicate a tropical olimate, and consist 
chiefly of Cones, Volutes (Fig. 182), Cowries, and other well- 
known tropical genera. About 35 per cent of the shells be- 
long to existing species. 

In Switzerland, between the Alps and the Jura, there oc- 
curs a great series of Miocene deposits, known collectively as 
the "Molasse," from the soft nature of a greenish sandstone, 
which constitutes one of its chief members. It attains a thick- 
ness of many thousands of feet, and rises into lofty mouatairts, 
some of which — as the Bigi — are more than 6,000 feet in 
height. The middle portion of the Molasse is of marine 
origin, and is shown by its fossils to be of the age of the Fa- 
luns; but the lower and upper portions of the formation are 
mainly or entirely of fresh-water origin. The Lower Molasse 
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(of Lower Miocene age) has yielded about 500 species of 
plants, mostly of tropical or sub-tropical forms. The Upper 
Molasse has yielded about the same number of plants, with 
about 900 species of Insects, such as wood-eating Beetles, 
Water-beetles, White Ants, Dragon-flies, etc. Of the characters 
of the plants something will be said in speaking of the vege- 
tation of the Miocene period. 

Miocene op North America. — ^Miocene deposits are 
found in the United States in New Jersey, Maryland, Virginia, 
California, Oregon, etc., and they attain sometimes a thickness 
of 1,500 feet. They consist chiefly of clays, sands, and sand- 
stones ; and in Virginia there is a bed of what is wrongly 
called '^ Infusorial Earth," which attains a thickness of many 
feet, and consists almost wholly of the siliceous cases of cer- 
tain low forms of plants (Diatoms). The strata of the White 
River, with remains of numerous Mammals, formerly spoken 
of as Upper Eocene, are sometimes referred to the Miocene 
formation. The fossils of the American Miocene are chiefly 
MoUusks (of which 15 to 30 per cent, are living species), 
Sharks, Wnales, Dolphins, and Seals. 

Life op the Miocene Period. — As regards the animals 
of the Miocene, only the MoUusks and Mammals need any 
special notice. The JifoUitsca of the Miocene deposits (when 
these are marine) are referable to genera now in existence, 
but, for the most part, proper to warm climates. The per- 
centage of living forms varies from 15 to 30 per cent. In the 
European Miocene, however, though shells of existing species 
are present, these do not belong to species now found in 
European seas. Very few of the now existing European 
shells are found in any Tertiary deposit older than the Plio- 
cene. In America, however, shells now extinct, such as 
Fusua quadricostaJtus (Fig. 184) are found side by side in the 
Miocene Tertiaries witn shells* which still exist in American 
waters, such as Fulgur canaliculatua (Fig. 183). 

The Mammals of the Miocene period are very numerous, 
and show an advance upon those of the Ek)cene period. The 
entire order of the Prohoacidea^ comprising only the recent 
EHephants, appears to have first come into existence in the Mio- 
.cene period, where it is represented not only by true Elephants, 
but by the nearly-allied Mastodons^ and the singular Deinothe- 
rium. The order Qucidrumanay comprising the Apes and the 
Monkeys, likewise appears to date its existence from the Mio- 
cene period, when it is represented by forms allied to the Mon- 
keys of the Old World. TVue Deer first make their appearance 
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in the Hiocene, Trith Giraffes and Antelopes, some of the last 
of gigantic size andfumiahed with four hums. The EderUate» 
(such &s the modem Sloths, Armadillos, aud Antreatera) -are 
represented by a gigantic form somewhat allied to the Scaly 
Aat-eaters or Pan^Uns of the Old World. Lastly, the great 
wder of the Camivora waa represented in two of its leading 
divisions by the bear-like Amphtcyon and the great sabre- 
toothed tiger, Machairodus. 
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Vegetation of the ^ocbnb Peeioc. — Our chief sources 
of information as to the vegetation of the Miocene period are 
derived from the brown cc^ of Germany and Austria, the 
Lower and Upper Molasse of Switzerland, and the Miocene 
beds of Greenland. The brown coals, or lignites, of Germany 
and Austria are simply vegetable matter in process of convert 
sion into ordinary coal, but still retaining a good deal of 
its original structure. From marlstone associated with these 
brown coals at Radaboj, in Croatia, have been obtained more 
than 300 species of plants, most of which indicate tropical 
conditions. Among tnese is the Sabal (Fig, 187), a genus of 
Palms which is now found in America. Accompanying these 
plant-remains are numerous insects, among which are Termites, 
or White Ants, Dragon-flies, Grasshoppers, and even Butter- 
flies (Fig. 185). 

Tlie plants of the Lower Miocene of Switzerland are 
also mostly of a tropical charaote^ but include several Ameri- 
can forms, aucb as a Tulip-tree {ZdriodendrotC^ and a Cypress 
{Taasodium). Among Uie more remarkable forms from tbeae 
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beds may be mentioned numeroua tropical fems, two species 
of Cinnamon, and a_ Fan-palm {ChamcBrops, Fig. 186). 

The plant-remains of the Upper Molasse of Switzerland in- 
dicate an extraordinarily rank and luxuriant vegetation, com- 
. posed mainly of tropical forma. Among; the commoner plants 



of tiiia formation are many species of Maple {Acer), Plane- 
trees (Platamu, Fig. 188), Cinnamon-trees (Fig. 189), with 
other members of the Laurel order, numerous species of Sarsa- 
parilla (Smilax), with Palms, Cypresses, et& 

In Greenland, as well as in other parts of the Arctic regions, 
Miocene strata have been discovered which have yielded a great 
number of plants, many of which are identical with species 
found in the European Miocene. Among these plants are many 



trees, such as Conifers, BeecheB, Oaks, Maples, Walnuts, Mag- 
nolias, etc, with numerous Bhmbs, ferns, and other smaller 
plants. 
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Taking the Miocene flora as a whole, Dr. Heer concludes 
from his study of about 3,000 plants contained in the European 
Miocene alone, that the Miocene plants indicate tropical or 
Buh-tropical conditbns, but that there is a striking intermixture 
of forms which are at present found in countries widely re- 
moved &om one another. It is impos»<ihle to state with cer- 
tainty how many of the Miocene plants belong to existing 
sj>ecies, but it appears that the larger number are extinct. 
According to Heer, the American types of plants are most 
largely represented in the Miocene flora, next those of Europe 
and Asia, next those of Africa, and lastly those of Australia. 
Upon the whole, however, the Miocene flora of Europe is 
mostly nearly allied to the plants which we now find inhabit- 
ing the warmer parts of the United States; and this has led 
to the Bu^^stion that in Miocene times the Atlantic Oceaa 
was dry land, and that a misration of American plants to Eu- 
rope was thus permitted. This view is borne out by the fact 
that the Miocene plants of Europe are most nearly allied to 
the living plants of the eastern or Atlantic seaboard of the 
United States, and also by the ooourrenoe of a rich Miocene 
flora in Greenland. Ab regards Greenland, Dr. Heer has de- 
termined that the Miocene plants indicate a temperate climate 
in that country, with a mean annual temperature at least 30*^ 
warmer than it is at present. 



CHAPTER XXV. 

PUOCENB FOBMATIONS. 

The Pliocene formations contain from 40 to 95 per cent, 
of existing species of Mollvsca^ the remainder belonging to 
extinct species. They are divided by Sir Charles Lyell into 
two divisions, the Older Pliocene and Newer Pliocene. 

The Pliocene deposits of Britain occur in Suflfolk, and are 
knoMm by the name of " Crags," this being a local term used 
for certain shelly sands, which are employed in agriculture. 
Two of these Crags are referable to the Older Pliocene, viz., 
the White and Red Crags, and one belongs to the Newer Plio- 
cene, viz., the Norwich Crag. The relative position of the older 
Crags to the subjacent Eocene rocks is shown by the annexed 
section (Fig. 190). 

Crag. London Cla7. Chalk. 



Fio. 190. — Section showing the position of the Coralline Crag, resting nncon- 

formably upon the London Clay. 

The White or CoraMine Crag of Suffolk is the oldest of 
the Pliocene deposits of Britain, and is an exceedingly local 
formation, occurring in but a single small area, and having a 
maximum thickness of not more than 50 feet. It consists of 
soft sands, with occasional intercalations of flaggy limestone. 
Though of small extent and thickness, the Coralline Crag is of 
importance from the number of fossils which it contains. The 
name " Coralline " is a misnomer ; since there are few true 
Corals, and the so-called " Corals" of the formation are really 
Jtfolhesks, related to the living Sea-mosses and Sea-mats, but 
often of very singular forms. The Shells of the Ck)ralline Crag 
are mostly such as inhabit the seas of temperate regions ; 
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but there occur some forms usually looked upon as indicat- 
ing a warm climate, such as a Volute (Fi^. 191) and a Pyrrda 
iFig, 192). With these occurs a Sea-urchin {Temneckinta, 
i'if. 193), tbe only living spedes of which is found in the Id- 
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dian Ocean. Altogether the Coralline Crag contains niore 
than 300 species of marine shells, of which &3 per cent, ore 
livi^ forms. 

^e Ujy>er or Hed Crag of Suffolk — like the Coralline Crag 
— has a limited geographical extent and a small thickness, 
rarely exceeding 40 feet. It consists of quartzose sands, usually 
deep red or brown in color, and charged with numerous Eos' 
sils. Most of the organic remains of the Red Crag are jtfbf- 
lusca, among which are Spindle-shells {Fusus), I^^rples (/W- 
pur<£). Dog- whelks iNa»8{i\, Cowries (CvprcEa), ete. («e 
IVs.l94r-m). 
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Altogether more than 200 species of shells are known from 
the Red Crag, of which 60 per cent are referable to existing 
species. The shells indicate upon the whole a temperate or 
even cold climate, decidedly less warm than that indicated by 
the organic remains of the Ck)ralline Crag, It appears, there- 
fore, that a gradual refrigeration was going on during the 
Pliocene period, commencing in the Coralline &ag, becoming 
intensified in the Red Crag, being still more severe in the 
Norwich Crag, and finally culminating in the Arctic cold of 
the Glacial period. 

Besides the Molluaca, the Red Crag contains the ear-bones 
of Whales, the teeth of Sharks and Rays, and remains of the 
Mastodon, Rhinoceros, and Tapir. . 

The Nheer Miocene deposits are represented in Britain by 
the Norwich Crag, a local formation occurring near Norwich. 
It consists of incoherent sands, loama, and gavels,. resting in 
detached patches, from two to 20 feet in thickness, upon sn 
eroded surface of chalk. The Norwich Crag contains a mix- 
ture of marine, land, and fresh-water shells, with remains of 
fishes and bones of mammals; so that it must have been de- 
posited as a local sea-deposit near the mouth of an ancient 
liver. It contains altogether more than 100 marine shells, of 
which 89 per cent, belong to esisting species. Of the Mam- 
Boals, the two most important are an Elephant (SHephas meri' 
dUmeUi^, and the characteristic Pliocene Mastodon \M. Arver- 
tienaia. Fig. 198), which is hitherto the only Mastodon found 
in Britain. 

The following are the more important Pliocene deposits 
which have been hitherto recognized out of Britain : 
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1. In the neighborhood of Antwerp occur certain " crags," 
which are the equivalent of the White and Red Crag in part. 
The lowest of these contains less than 50 per cent, and the 
highest 60 per cent, of existing species of shells, the remain- 
der being extinct. 

2. Bordering the chain of the Apennines, in Italy, on both 
sides are a series of low hills made up of Ternary strata, which 
are known as the Sub-Apennine beds. Part of these is of 
Miocene age, part is Older Pliocene, and a portion is Newer 
PJiocene. The Older Pliocene portion of the Sub* Apennines 
consists of blue or brown marls, which sometimes attain a 
thickness of 2,000 feet. 

3. In the vallw of the Amo, above Florence, are both 
Older and Newer rliocene strata. The former consist of blue 
clays and lignites, with an abimdance of plants. The latter 
consist of sands and conglomerates, with remains of large Car- 
nivorous Mammals, Mastodon, Elephant, Rhinoceros, Hippo- 
potamus, etc. 

4. In Sicily, Newer Pliocene strata are probably more 
largely developed than anywhere eke in the world, rising 
sometimes to a height of 3,000 feet above the sea. The series 
consists of days, marls, sands, and conglomerates, capped by 
a compact limestone, which attains a thickness of from ?00 to 
800 feet. The fossils of these beds belong almost entirely to 
living species, one of the commonest bein^ the Great Scallop 
of the Mediterranean {Pecten Jcuiohcem), 

5. Occupying an extensive area round the Caspian, Aral, 
and Azof Seas are Pliocene deposits known as the " Aralo- 
Caspian" beds. The fossils in these beds are partly fredb- 
wat«r, partly marine, and partly intermediate in character, 
and they are in great part identical with species now inhabit- 
ing the Caspian. The entire formation appears to indicate 
the former existence of a great sheet of brackish water, form- 
ing an inland sea, like the Caspian, but as large as, or larger 
than, the Mediterranean. 

6. In the United States, strata of Pliocene age are found 
in North and South Carolina. They consist of sands and 
clays, with numerous fossils, chiefly MoUusks and JEchino- 
derms. From 40 to 60 per cent, of the fossils belong to existing" 
species. On the Loup Fork of the river Platte in the Upper 
Missouri region are strata which are also believed to be refer- 
able to the Pliocene period, and probably to its upper division. 
They are from 300 to 400 feet thick, and contain land shells 
with the bones of numerous Mammals, such as Camels, Rhi- 
noceroses, Mastodons, Elephants, the Horae, Stag, etc. 
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Life of the Pliocene Period. — As regains the life of 
the Pliocene period, it is sufficient to indicate two general 
considerations. In the first place, we have to notice that the 
introduction upon the globe of existing species of animals was 
carried on rapidly during this period. In the Older Pliocene 
deposits the number of shells of existing species is only from 
40 to 60 per cent. ; but in the Newer Pliocene the proportion 
of existing species rises to as much as 80 to 95 per cent. The 
Mammals still all belong to extinct species, but modern types 
gradually supersede the more antique forms of the Eocene and 
Miocene periods. In the second place, there is good evidence 
to show that the Pliocene period was one in which the climate 
of the northern hemisphere gradually became colder. In the 
Miocene period, as we have seen, Europe possessed a climate 
probably very similar to that now enjoyed by the Southern 
States of the Union, and certainly very much warmer than its 
present climate. In the Older Pliocene, northern forms, on 
the other hand, predominate among the shells, though some 
of the types of warmer regions still survive. In the Newer 
Pliocene, the MbUuaca are almost exclusively such as inhabit 
the seas of temperate, or even cold regions. It might be 
thought that the occurrence of Mammals such as the Elephant, 
Rhinoceros, and Hippopotamus, would prove that the climate 
of Europe and the United States must have been a hot one 
during the later portion of the Pliocene period. We have, 
however, reason to believe that many of these extinct quadru- 
peds were more abundantly furnished with hair, and more 
adapted to withstand a cool temperature, than any of their 
living congeners. 
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CHAPTER XXVL 



POST-PLIOCENB DEPOSITS. 

Latbb than any of the Tertiary formations are a series of 
deposits which are spoken of as Post-Tertiary or QwjZernary^ 
and which are characterized by the fact that all the contained 
shells belong to existing species. The Post-Tertiary deposits 
are divided by Sir Charles Lyell into PoatrPliocene^ in which 
the shells belong entirely to existing species, but sonve of the 
H^ammaU are extinct^ and the Hecent^ in which the sheUs and 
the Mammals alike belong to existing species. 

The most important of the Post-Pliocene deposits are the 
Glacial formations; but we have sometimes evidence of" 
Post-Pliocene beds of pre-glacial age. Thus, in the cliflfeof 
the Norfolk coast in Britain we find reposing upon the Newer 
Pliocene Norwich Crag an ancient land-surfiace which is 
known as the " Cromer Forest-bed." This consists of an an- 
cient soil, having imbedded in it the stumps of many trees, 
still in an erect position, with remains of living plants, and 
the bones of recent and extinct quadrupeds.. It is overlaid by 
fresh-water and marine beds, all the shells of which belong to 
existing species, and it is finally surmoimted by true " glacial 
drift." While all the shells and plants of the Cromer Forest- 
bed and its associated strata belong to existing species, the 
Mammals are partly living, partly extinct. Thus, we find the 
existing Wolf, Bison, Reindeer, Beaver, Walrus, etc., side by 
side with three extinct Elephants, the Rhinoceros, and Hippo- 
potamus, and a gigantic extinct Beaver. Among the Elephants 
are two Pliocene species, viz., JEleplms m^ridionalis (Fig. 
199), and Mephas a/ntiquus. The third species is the Mam* 
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moth {M^kat primigeniite), vhich has as yet only been found 
in Foafr-Fliocene deposits. 



7m. IW.— MoIu tooth of Eltplmi meridionalU, a nit ilu. I^oone md Foit-moceiia. 

GLACIAL DEPOSITS. 

We come now to speak of a gFeat series of beds which are 
widely spread over boUi Europe and America, and which were 
formed at a time when the climate of these countries was very 
much c<Jder than it is at present, and approached more or leas 
closely to what we see at the present day in the Arctic 
regions. These deposits are known by the general name of 
the Olacial d^xmts, or by the more speciahzed names of the 
Drift, the Northern IMffc, the Bowlder Clay, the Till, etc 

These glacial deposits are found in Britain as far south as 
die Thames, over the whole of Northern Europe, in all the 
more elevated portions of Southern and Central Europe, and 
over the whole of North America, as far south as the 39th 
parallel. They generally occur as sands, clays, and gravels, 
spread in widely-extended sheets over all the geological for- 
mations alike, except the most recent, and are commonly' 
spoken of under the general term of " Glacial drift." They 
Tary much in their exact nature in different districts, but they 
universally consist of one, or all, of the following members i 

1. Uhatrattfied clays, or loams, containing numerous an- 
gular or sub-angular blocks of stone, which have often been 
transported for s greater or less distance from their parent 
rock, and which often exhibit polished, grooved, or striated 
surfaces. These beds are what is called Souilder-i^j/, or 2^U, 

2. Sands, gravels, and olaya, often more or less regularly 
atratifitd, but containing erratic blocks, often of large size, and 
with th^ edges umoom, derived from ooo^derable distances 



218 GEOLOGY. 

from the place where tiiey are now found* In these beds it is 
not at all uncommon to find fossil shells ; and these, though of 
existing species, are mostly of an Arctic character, comprising 
a majority of forms which are now exclusively found in the 
icy waters of the Arctic seas. These beds are often spoken 
of as " Stratified Dria*' 

3. Stratified sands and gravels, in which the pebbles are 
worn and rounded, and which have been produced by a rear- 
rangement of ordinary glacial beds *by the sea. These" beds 
are commonly known as "Drift-gravels," or "Regenerated 
Drift." 

The glacial deposits exhibit many phenomena of interest 
which cannot be noticed here, and they have been produced 
by the action of glaciers, continental ice, coastrice, and ice- 
bergs, after the manner described in the earlier portion of thi3 
work. The general sequence of the phenomena of the Glacial 
period, and the general nature of the resulting deposits, will 
be best brought out by examining a single district, and no 
better example can be found than Scotland. 

In considering the glaciation of Scotland, we hava evidence 
of three periods: 1. The period of the Lower Bowlder Clay; 
2. The period of the Upper Bowlder Clay; and 3. The period 
of the recession and final disappearance of the glaciers, or the 
period of the Moraines. 

1. The lowest glacial deposit of Scotland is what is known 
as the Till^ or Iiower Bowlder Clayy consisting of thoroughly 
unstratified, stiff day, containing numerous angular blocks or 
" bowlders " of rock, which are generally more or less polished, 
grooved, and striated. The surface of rock beneath the Till 
is everywhere ice-worn, polished, smoothed, and furrowed, just 
like the rock beneath a glacier. The Lower Bowlder Clay 
gives evidence of a time at the commencement of the Glacial 
period, when Scotland was very much more elevated than it is 
at present, and when all its moimtains were covered by a con- 
tinuous ice-sheet, constantly moving seaward, as we now see 
in Grreenland. By the abrasion of this ice*sheet upon the 
rocks beneath was produced the Lower Bowlder Clay. That 
this theory as to the origin of the Till is correct — namely, that 
it was produced by land-ice, and not bv icebergs — ^is shown 
by the absence in it of marine shells, the generally not per- 
fectly angular condition of the included blocks, the fact that 
the blocks are never far transported, and the universally stri- 
ated, furrowed, and polished condition of the fundamental 
rocks on which it rests. . ^ 
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During the formation of the Lower Bowlder Clay, the land 
must have been slowly sinking beneath the sea, till ultimately 
the greater part of it must have been submerged, nothing re- 
maining above water except the highest and most mountainous, 
districts. 

3. At the commencement, therefore, of the period of the 
Upper Bowlder Clay, Scotland must have been an archipelago, 
its highest mountains forming islands projecting above the 
waters of an icy ocean. Every peak which stUl remained 
above water would be the seat of glaciers, which would grind 
their way down to the sea, and would finally break off as huge 
icebergs, laden with sand, clay, and stones, derived £rom the 
moraines. Drifting before the wind, or hurried along by 
oceanic currents, the rock-laden bergs would ultimately melt 
and deposit their burden at the bottom of the sea, by the 
waves and currents of which it would be more or less sorted 
and stratified, and the shells of which it might cotne to contain 
as fossils. 

In this way, then, was produced the Upper Bowlder Clay^ 
a deposit of sands and clays, generally more or less distinctly 
stratified, including more or fewer erratic blocks, which have 
usually been transported to great distances from their parent 
rock, and often containing marine shells of Arctic species. 

. In this period, also, were formed masses of reassorted 
driffc, or " Drift-gravels," by the action of the sea upon the 
older drift. These drift-gravels resemble stratified drift in 
most respects, but the blocks which they contain are more or 
less completely rounded and water- worn, and all their strise 
and grooves are obliterated. 

3. The land now commenced again to rise from beneath the 
sea, and it must have reached its present level, or one a little 
higher. The cold of the Glacial period still continuing, the 
higher regions were occupied by great glaciers, filling their 
valleys. These have left behind them, in many places, traces 
of their presence in the form of terminal moraines. These 
appear as transverse ridges, or rows of mounds crossing val- 
leys from side to side. Sections of them show that they con- 
sist of unstratifUd materials, with many angular blocks, some 
of which are striated and polished. They mark the ancient 
limit of the glacier, and there may be several in the same val- 
ley, indicating pauses in the recession and ultimate disappear- 
ance of the glacier. In some cases, also, these ancient mo- 
raines have served to dam up the stream of the valley, and thus 
to give rise to a larger or smaller lake. Finally, under the in- 



fiuence of a graduaUy-increafilng temperature, the glaciers dis- 
appeared altogether, aod their place was ttikeii hy the present 
mountain-torrents. 

As before remariied, the Bowlder Clay occasionally con- 
tains the remains of marine sheila. The greatest height to 
which marine shells have been traced in the Drift of Britain is 
about 1,400 feet, indicating that the countir was submerged 
to at least this amount below its present level beneath the 
waters of the glacial sea. All the glacial sh^s belong to 
living species, but they comprise many forms which beloug 
exclusively to Arctic seas. During the Glacial period these 
Arctic shells were enabled to migrate southward, in conse- 

auence of the extension of the Arctic conditions necessary for 
leir existence. When the Glacial period again finally ended, 
they were either destroyed by the uncongenial warmth, or 
gradually receded back again to the nori^h. Some of the shells 
characteristic' of the Scotch Drift are figured below. 
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Fid . iOi.—Sairieam mgata. 

Similar evidence of a like sequence of phenomena can 
be detected iu Wales and the north of England. That ia to 
say, there was first an intensely cold period, in which the land 
was probably much more elevated than it is at present, and all 
the higher regions were covered with gigantic glaci«s, or a 
continuouB ice-sheet; secondly, a submergence t«ok place to a 
depth of at least 1,400 feet below the present sea-level, all the 
higher mountains standing out in the icy sea ss the sources of 
glaciers and icebergs ; thirdly, the land was re-elevated, and 
there was a second period of glaciers, in which the cold was 
not so intense, and the glacios consequently smaller than in 
the first period. 
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Evidence of an essentially similar state of affairs exists 
over the whole of Northern Europe, in the Alps, in the Hima- 
layas, and elsewhere. In the United States, as far south as 
the 39th parallel, the surface of the fundamental rocks is stri- 
ated, grooved, and polished. Unstratified sands and clays, 
with large erratic bowlders, cover a great portion of the coun- 
try, and, whenever these deposits contain fossil shells, a consid- 
erable proportion are such as only exist at the present day in 
the Arctic seas. As in the case of Europe, a large portion of 
the North American drift has been produced by floating bergs, 
during a period of submergence, but glaciers and continental 
ioe likewise existed over large areas. As in the case of Eu- 
rope, also, the Post-Pliocene Mammals lived through the cold 
of the Glacial period, remains of some of the larger forms 
having been found in both pre-glacial and post-glacial de- 
posits. 



CHAPTER XXVn. 



YALLET-GBAYSLS AND CAVE-DEPOSITS. 

The remaining Post-Pliocene deposits which require no- 
tice are valley-gravels and cave-deposits. In the first place, 
however, it may be as well to define a rather vague term, 
which is commonly used in connection with the Post-Tertiary 
deposits, namely, the term alluvium. Between the ordinary 
soil of every country and the subjacent fundamental rocks 
may be found, in places, intervening deposits of incoherent 
sands, gravels, or mud. All these deposits are loosely called 
by the general name of aUuvium (Lat. aUuvio^ an inundation), 
because they resemble the kinds of deposits which are formed 
'by the overflowing of rivers. Much of this so-called alluvium 
is now known to be really of glacial origin, and to belong to 
the Glacial period. There are, however, other alluvial deposits 
of Post-Tertiary age which really have been produced by riv- 
ers, and are known properly as (iHuvium. 

Every river produces at the present day beds of fine mud 
and loam, and accumulations of gravel, which it deposits at 
various parts of its course ; the gravel generally occupjdng the 
lowest position, and the finer sands and mud coming above. 
Numerous deposits of a similar nature are found in most coun- 
tries in various localities, and at various heights above the 
present channels of our rivers. Many of these fiuviatile (Lat. 
fluviua^ a river) deposits consist of fine loam, worked for 
brick-making, and known as "Brick-earths;'' and they bave 
yielded the remains of numerous extinct Mammals, of which. 
the Mammoth {Elephobs primigenius) is the most abundant. 
In the valley of the Rhine these fiuviatile loams (known as 
" Loess") attain a thickness of several hundred feet, and oon- 
tain land and fresh-water shells of existing species. Witb. 
these occur the remains of Mammals, such as the Mammoth 
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and Woolly Rhinoceros ; and in one locality a human lower 
jaw has been disinterred from the same beds, the authenticity 
of which appears to be free from doubt. According to Sir 
Charles LyeD, these fluviatile loams in the Rhine Valley are 
the result of the impalpable mud and sand produced by the 
grinding action of the great Swiss glaciers, and then conveyed 
by the rivers to lower levels. 

High-level and Low-level Valley Gravels. — ^It is • 
very common to meet in the valley of any river with two or 
more sets of gravels and loams, formed by the river itself, but 
formed at times when the river ran at different levels. A 
reference to the accompanying diagram will explain the origin 
and nature of these deposits (Fig. 206). When a river first 




Fte. 206.— 'Recent and Fbet-Pliooene aUnvlal deposits.—!. Peat of the recent i>eriod; 
2. GraTel of the modern river; 2f. Loam of tne modem river; 8. Lower-level vaUev- 
l?ravel with hones of extinct Mammals (Post-Pliocene) ; 8'. Loam of the same ace as 8; 
4. Higher-level vallev^ravel (Post-Pliocene) ; 4'. Loam of the same age as 4; S.^land 
gravels of various kinds (often glacial drift) ; 6. Older rocks. (After Sir Charles LyelL) 



begins to occupy a particular line of drainage, and to form its 
own channel, it will deposit fluviatile sands and gravels along 
its sides. As it goes on deepening the bed or valley through 
which it flows, it will deposit other fluviatile strata at a lower 
level beside its new bed. In this way have arisen the terms 
" high-level" and " low-level gravels." We find, for instance, 
a modem river flowing through a valley which it has to a great 
extent or entirely formed itself; by the side of its immediate 
channel we may find gravels, sand, and loam (Fig. 206, 2, 2 ) 
deposited by the river flowing in its present bed. These are 
recent fluviatile or alluvial deposits. At some distance from 
the present bed of the river, and at a higher level, we may 
find other sands and gravels, quite like the recent ones in 
character and origin, but formed at a time when the stream 
flowed at a higher level, and before it had excavated its valley 
to its present depth. These (Fig. 206, 3, 3') are the so-called 
^lau)4evd gravels" of a river. At a still higher level, and 
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still ferther remoTed from tlie present bed of the river, we may 
find aoother terrace, composed of just the same materials as 
tlie lower one, but formed at a still earlier period, when the 
excavatioa of the valley had proceeded to a much less extent. 
These (Fig, 206, i, i') are the so-called " hiifh-kvel gravels" 
of a river, and there may be one or more terraces of these. 

The important fact to remember about these fluviatile 
deposits is this : that here the ordinary geological rule is re- 
versed. The high-level gravels are, of course, the highest, so 
far as their actual elevation above the sea is concerned, but 
geoloffically the lowest, since they are obviously much older 
than the low-level gravels, as these are than the recent grav- 
els. How much older the high-level gravels may be than the 
low-level ones, it is impossible to say. They occur at heights 
vaiying from 10 to 100 feet above the present riveivslunmels, 
and they are, therefore, older than the recent gravels by the 
time required by the river to dig out its own bed to this depth. 
How long this period may be our data do not enable us to de- 
termine accurately, but, if we are to calculate from the observed 
rate of erosion of the actually existing rivers, the period be- 
tween the different valley-gravels must be a very long one. 

The lowest or recent fluviatile deposits (Fig, 306, 3, 2') 
which occur beside the bed of the present river are referable 
to the Recent period, as they contain the remains of none but 
living Mammals. The two other sets of gravels are Post- 
Pliocene, as they contain the bones of extinct Mammals, mixed 
with land and fresh-water shells of existing species. Among 
the more important extinct Mammals of the low-level and high- 
level valley-gravels may be mentioned the Slephaa antiquus 
(Fig, 207), the Mammoth CSSephas primigeniva), the Woolly 
Rhinoceros {M. tiehorhinua), the Hippopotamus, the Cave-lion, 
and the Cave-bear, 



Fia, SOT.— MolH of Stephai antiquui, a nininl dm. PUooms ud PMC-FHooeiM. 

Mixed in these Post-Pliocene gravels with the bones of ex- 
tinct Mammals occur unquestionable remains of man, in the 
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fonn of worked flints or flint implements. These, though 
very roughljr executed, are of such a nature as to leave no 
doubt, on the mind of any who have examined them, as to their 
being truly of human workmanship. They differ much in 
shape, being commonly like a cat's tongue, or Uke the head 
of a spear ; and they have been laboriously chipped with a 
stone to their present shape. 

As regards the antiquity of these flint implements and of 
the races of men who employed them, it will be sufficient to 
indicate the following general considerations : 

1. Man must have coexisted in Western Europe with a 
number of large Mammals which are now wholly extinct. We 
do not know either the causes of such extinction, or how long 
a period is required to consummate the destruction of a group 
of species ; but we know of no mammalian species that has 
become extinct during the historical period. 

2. The extinct Mammals with which man coexisted are 
referable to species which require a very different climate to 
that now prevailing in Western Europe. Most of them, in 
fact, are referable to genera, the living representatives of 
which are exclusively found in tropical or sub-tropical regions. 
How long a period, however, has been consumed in the bring- 
ing about the climatic changes thus indicated, we have no 
means of calculating acciu^tely. 

3. The position of some of the gravels with flint imple- 
ments is many feet (in one instance 100 feet) above the 
present river-bed. As before remarked, however, we cannot 
accurately judge of the period required for the river to cut 
its channel to its present depth, at any rate until we are 
certain that the river in past time has not exceeded its pres- 
ent velocity and volume of water. 

4. The implements themselves bear evidence of an ex- 
ceedingly barbarous condition of human life. The makers of 
the fliJat implements were clearly without any knowledge 
of the metals. Not only so, but their workmanship is ex- 
traordinarily inferior to that of the later tribes who were like- 
"wise unacquainted with metals and who also used nothing but 
tools of stone. For this reason the period of the makers of 
the flint implements has been called the PalcBolit/dc age (Gr. 
j>dlaio8^ ancient ; lithos, stone) ; while the later and more ad- 
vanced age of stone has been termed the Neolithic period 
(Gt. neo8y new ; lithoSj stone). 

Cavbbn-dbposits. — ^We come now to consider a class of 
deposits essentially similar to the older valley-gravels, but 
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occurring in caves. Caves, in the great majority of instances, 
occur in limestone. When this is not the case, it will general- 
ly be found that they occur along lines of sea-coast, or along 
lines which can be shown to have anciently formed the coast- 
line. There are many caves, however, in the making of which 
it can be shown that the sea has had no hand, and these are 
most o£ the caves of limestone districts. These owe their 
origin to the solvent action upon lime of water holding car- 
bonic acid in solution. The rain which falls upon a limestone 
district absorbs a certain amount of carbonic add from the air, 
or from the soil. It then percolates through the rock, gen- 
erally along the lines of jointing so characteristic of lime- 
stones, and in its progress it dissolves and carries off a certain 
quantity of carbonate of lime. In this way, the natural joints 
and fissures in the rock are widened, as can be seen at the 
present day in any or all limestone districts. By a continu- 
ance of this action for a sufficient length of time, caves may 
ultimately be produced. Nothing, also, is commoner in a 
limestone district than for the natural drainage to take the 
line of some fissure, dissolving the rock in its course. In this 
way we constantly meet in limestone districts with springs 
issuing from the limestone rock — sometimes as large rivers — 
the waters of which are charged with carbonate of lime, ob- 
tained by the solution of the sides of the fissure through which 
the waters have flowed. By these and similar actions, every 
district in which limestones are extensively developed will he 
found to exhibit a number of natural caves, rents, or fissures. 
The first element, therefore, in the production of cave-deposits 
is the existence of a period in which limestone rocks were 
largely dissolved, and caves ^ere formed in consequence of 
the then existing drainage taking the line of some fissure. 

Secondly, there must have been a period in which various 
deposits were accumulated in the caves thus formed. These 
cavern-deposits are of very various nature, consisting of mud, 
loam, gravel, or breccias of different kinds. In all cases, these 
materials have been introduced into the cave at some period 
subsequent to, or contemporaneous with, the formation of the 
cave. Sometimes the cave communicates with the surface by 
a fissure through which sand, gravel, etc., may be washed by 
rains or by floods from some neighboring river. Sometimes 
the cave has been the bed of an ancient stream, and the de* 
posits have been formed as are fluviatile deposits at the surface. 
Or, again, the river has formerly flowed at a greater elevation 
than it does at present, and the cave has been fiUed with 



VALLEY-GRAVPLS AND CAVE-DEPOSITS. 227 

fluyiatile deposits by the river at a time prior to the excava- 
tion of its bed to the present depth (Fig. 208). In this last 
case, the cave-deposits obviously bear exactly the same rela- 
tion in point of antiquity to recent deposits, as do the low- 
level and high-level valley-gravels to recent river-gravels. In 




FiO. 208.— Section of Bmestone yaOey and caye.— a, Cayera, Partly fiUed with caye-earth; 
b^ High-Ieyel grayels; e, Recent grayela of present riyer(e); d, Fissure filled with high- 
leyelgrayd; e, Bed of present riyer. 

any case, it is necessary for the physical geography of the dis- 
trict to change to some extent, m order that the cave-deposits 
should be preserved. If the materials have been introduced 
by a fissure, the cave will probably become ultimately^ filled 
to the roof, and the aperture of admission thus blocked up. 
If a river has flowed through the cave, the surface configura- 
tion of the district must be altered so far as to divert the river 
into a new channeL And, if the cave is placed in the side of 
a river-valley, as in Fig. 208, the river must have excavated 
its channel to such a depth that it can no longer wash out the 
contents of the cave even in high floods. 

If the cave be entirely filled, the included deposits gener- 
ally get more or less completely cemented together by the 
percolation through them of water holding carbonate of lime 
in solution. If the cave is only partially filled, the dropping 
of water from the roof holding lime in solution, and its subse- 
quent evaporation, would lead to the formation over the de- 
posits below of a layer of stalagmite, perhaps several inches, 
or even feet, in thickness. In this way cave-deposits, with their 
contained remains, may be hermetically sealed up and pre- 
served without injury, for an altogether indefinite period of 
time. 

The great interest of cavern-deposits is to be found in the 
feet that they in very many cases contain the bones of extinct 
as well as living Mammals, associated with the implements, 
and in some cases even the bones, of man. The number of 
instances in which this association of the works or bones of 
man with remains of extinct Mammals in cave-deposits is 



known to occur, is now so great that it is unnecesBary to dvell 
upon anjr particular case, and it will be sufficient shortly to 
Bummarize the more important facts under this head. 

The human implements which have been found in cave- 
deposits are in the great majority of instances referable to the 
age of stone ; and, when associated with extinct Mammals, 
they are not only always of stone, but are referable to the Pa- 
leolithic period. They consist chiefly of stone hatchets or 
other tools, with occasional implements worked out of bone. 
In some of the caves, however, the stone implements, though 
of a very rude construction, nevertheless show a decided ad- 
vance on the flint tools of the older valley-gravels. 

In some cases, with implements of human workmanship 
have been found the bones of man, associated with the bones 
of extinct Mammals. 

The human implements are so mixed with the bones of 
extinct quadrupeds as to render it unquestionable that man 
existed contemporaneously with these extinct animals. 

The more important extinct Mammals which have been 
found in oave-deposits in Europe, along with the remains of 
man, 'are the Mammoth {Sl^>haa primiffeniut. Fig. 20.9), tiie 
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Woolly Rhinoceros {R. tichorhinus), other species of Elephant 
and Rhinoceros, the Cave-lion (I^ilis sp^eea), the Cave-bear 
( Urgta yKUsus), and the Cave-hyaena {Syoena apekea. Fig. 
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210). Many more might be added to these, but the above 
are sufficient to show that the Mammals of the caves are 
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the same as those which occur in the ancient valley-gravels 
along with the implements of man. 

In certain of the caves of the south of France the remains 
indicate a transition between the Palceohthic aud Neolitljic 
periods. The implements are somewhat improved in work- 
manship, and some of the bones are artistically carved so as 
to represent animals, a recognizable portrait of the Mammoth 
in its living condition having been in one instance discovered. 
The Mammals of these caves, with one or two doubtful excep- 
tions, are of living species, but they are mostly such as re- 
quire a colder climate than the south of France, and are only 
found at the present day in much more northern latitudes. 
Of these the most abunc(ant is the Reindeer, and this would 
imply that man coexisted with these animals at a time when 
the ciimate of the south of France approximated more or less 
dosely to what we see at the present day in Lapland. 

In Australia, cave-deposits have been found which have 
yielded the bones of numerous extinct Mammals, more or less 
closely allied to the living quadrupeds of that region, but of 
o^i^ntic size, comparative^ speaking. Thus we find gigantic 
Kangaroos, Wombats, and Carnivorous Marsupials, and others 
also Marsupial, but not represented at the present day. 

In like manner the cave-deposits and other Post-Pliocene 
formations of South America have yielded the remains of nu- 
merous Mammals, mostly allied to the living quadrupeds of 
that continent, but generally of much greater size. TTius, we 
have gigantic Sloths and huge Armadillos, together with ani- 
mals allied to the living Llamas, and Monkeys belonging to 
the same group of the Quadrumana as is now characteristic 
of South America, 
11 
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The last geological period is the Recent period, character- 
ized bj the fact that all the Mammals, as well as all the Mol- 
lusks, are referable to existing species. This being the case, 
we have chiefly to deal with the Recent period in connection 
with the remains of man. So far as man is concerned, the 
Recent period admits of subdivision into three ages — the Age 
of Stone, or Neolithic period, the Age of Bronze, and the Age 
of Iron. 

I, In the Age of Stone the implements which are found 
are always of stone, bone, or wood, showing that the metals 
must have been unknown. The bones of Mammals accom- 
panying the implements are all of living species, and this dis- 
tinguishes this, the Neolithic period, from the older Paloeo- 
lithic period in which some of the Mammals were extinct. 
The implements, also, of this period are more artistically 
fashioned than those of the earlier period. Another fact to be 
remembered is, that the bones of animals which occur asso- 
ciated with the human remains of the later Stone Age are 
those oi wild animals, showing that the men of this period 
were hunters and not agriculturists. Thus we have numerous 
remains of the Deer, Wild-boar, and Wild-ox, but none of any 
domestic animal, such as the Pig, Groat, or Sheep. 

II. In the Age of bronze metals had been discovered, and 
the use of stone in making implements was gradually dis- 
carded. Stone, however, must have been only very slowly 
given up, for some of the implements of this age are generally 
of stone, though these are certainly more artistically worked 
than those of the Neolithic period. The curious thing", how- 
ever, about the discovery of metals is, that bronze should have 
been found out at such an early stage, seeing that it is 
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alloy of the two metals copper and tin. Copper is a moderate- 
ly abundant metal, and its discovery might have been looked 
for; but tin is not only difficult to recognize in its ores, but is 
very limited in its occurrence. In fact, we do not know of any 
locality from which tin could at that period have been ob- 
tained in Europe except Cornwall ; so that the Age of Bronze 
must have been one in which commerce had developed itself 
to a considerable extent. It is to be remembered, however, 
that in some places, as in Hungary and Transylvania, there 
appears to have been an intermediate age — ^the Age of Copper 
— in which copper alone was in use. The civilization of the 
Age of Bronze was also much further advanced than that of the 
Neolithic period. The implements are often very beautifully 
made and are of various shapes. Agriculture had begun to 
be practised, as shown by the occurrence of sickles, with car- 
bonized grains of wheat and barley, and even pieces of bread. 
And, the bones of animals associated with the implements are 
those of domesticated varieties, such as the domestic Ox, the 
Pig, and the Goat. 

III. Lastly, we have the Age oflron^ in which iron was dis- 
covered and gradually supplanted bronze in the manufacture 
of all instruments requiring a cutting edge. All other articles 
continued to be made of bronze up to a late period, in fact, 
until the discovery of steel; for even the Greeks and the 
Romans used bronze largely for all ordinary purposes. 

As regards the localities in which the records of these 
three periods of human civilization are found, the following 
more celebrated ones may just be mentioned : 

1. Kitchen-Middens of Denmark. These are refuse-heaps 
found on the coast of the Danish islands of the Baltic, and 
consisting of the accumulated leavings of the meals of an 
aboriginal race during a long period. They are composed 
almost .entirely of the castaway shells of the Oyster, Mussel, 
Cockle, and other eatable shell-fish, with the bones of ani- 
mals, all wild except the Dog. They contain implements of 
stone, bone, or wood only, and are, therefore, referable to the 
Age of Stone. 

2. The Danish Peat-mosses. The lower portions of the 
peat-mosses of Denmark contain stone implements, with 
trunks of the Scotch fir, a tree which has not existed in Den- 
mark within the historical period. Higher portions of the 
Danish peat contain implements of bronze mixed with those 
of stone, and associated with the oak, a tree now very scarce 
in Denmark, and almost supplanted by the beech. 
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3. The LaJce-dweUings of Switzerland. The Swiss lakes 
have been found in many cases to contain the remains of 
ancient habitations, which are called Lake-dwellings, because 
they consisted of villages built upon platforms supported 
upon piles driven into the bottom of the lake. Some of the 
lake-dwellings are much older than the others, and are refer- 
able to the Neolithic period, as they yield nothing but im- 
plements of stone. Some, however, are referable to the Age 
of Bronze, having yielded numerous bronze implements (axes, 
lances, bracelets, fish-hooks, sickles, etc.), witii tolerably ar- 
tistic pottery. Lastly, some few of the lake-dwellings have 
yielded tools of iron, and must, therefore, be referred to the 
Age of Iron. 

ScABCiTY OF Human Bones. — As regards the scarcity of 
human bones in all these recent deposits, it is difficult to 
give a universal or adequate explanation. In the Danish peat 
and Swiss lake-dwellings exceedingly few bones of man have 
been detected, and this has been ascribed, probably with 
truth, to the fact that these early races of man must have 
been in the habit of burning their dead. 

In the Neolithic period the custom seems to have pre- 
vailed, in some places at any rate, of burying the dead in 
vaults constructed of large undressed blocks of stone. Many 
skulls, therefore, have been obtained from these, and they 
show that the men of the Neolithic period had what is called 
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the "short-headed" type of skull. That is to say, the skull 
(Fig. 211) was more or less approximately spherical, rounded 
in every direction, like the skull of the modern Laplander. 
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The skulls of the Bronze Age are not known in sufficient 
numbers for us to be able to determine their general type. 
The skulls, however, of the Age of Iron are well known, and 
these belong to the so-called "long-headed" type (Fig. 212), 
which prevails at the present day in Europe. Jn this type the 
greatest diameter of the skull is from before backward, and its 
sfiortest diameter is from side to side. The skull, therefore, 
when viewed from above is decidedly oval, and the forehead 
retreats more than in the short-headed type. 



CHAPTER XXDL 

VOLCANIC AND TRAPPEAN EOCKS. 

The volcanic and trappean rocks are found — ^as might be 
expected from their having been originally fluid — ^in very 
different forms: 

1. They occur as overlying masses (Fig. 213) ; that is to 
say, they are found as masses which have been poured forth in 




YiQ, 218.'Trap dividing and covering sandstone in tlie Isle of Skye. (MacCniloch.) 



a molten state from some volcanic focus, and now rest upon or 
overlie other rocks. It is obvious, however, that every such 
overlying mass (as c c, in Fig. 214) must originally have com- 
municated with the interior of the earth, whence its materials 
were in the first place derived. Hence to each overlj-ing mass 
of lava or trap there must be b pipe or. vein of igneous matter 
communicating with another underlying mass, and cutting 
through the rocks between. In many cases it is now impos- 
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Fio. 214. — Diagram representing the relations of the granitic, stratified, and trappean ftinna 
tions to one another. — Oy Gnmitic and Metamorpliic rocks; &, Stratified rocks; c, Vol- 
canic or Trappean rocks. 

sible to demonstrate the existence of such a communication, 
though there can be no question as to its necessarily being 
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present. In other cases, again, the whole overlying mass has 
been removed by denudation, and little or nothing has been 
left except the original pipe by which the melted matter reached 
the surface. 

2. The Volcanic and Trappean rocks occur as masses or 
tabular sheets intercalated among other rocks (Fig. 215). 

As we shall see immediately, such 
masses may either conform to the 
stratification of the rocks above and 
below, or may cut across these at 
any angle. In any case, the pres- 
ence of such horizontal or nearly 
horizontal masses generally . leads 

Fia. 2i6.-step.iike appewanee of *° * peculiar Step-like OT terraced 
horizontal masses of trap. appearance, owmg to the greater 

hardness of traps, and their superior 
power of resisting denudation. Hence the name " trap," from 
the Swedish trappa^ a flight of steps (Fig. 215). 

3. The volcanic and trappean 
rocks have been injected while in 
a fluid state into fissures, and now 
constitute more or less nearly ver- 
tical, wall-like masses, which cut 
through the other rocks, and are 
known as dikes or x^eins (Fig. 216). 

Age of the Volcanic and 
Trappean Rocks. — As regards the 

relative and absolute ages of the pio. 216.— strata intercepted by 
volcanic and trappean rocks, there ^^^^^ ^^ covered with ai] 
are four principal tests: 1. Super- 
position ; 2. Organic remains ; 3. Mineral composition ; 4. In- 
cluded fragments. 

Firstly^ as to superposition, the following rules may be 
laid down: 

If a volcanic or trappean rock rest upon a stratified rock, 
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Fio. 217. — Section showing an intmsive sheet of trap {b\ at firat simply included between 
two fossiliferons beds (a and c), but ultimately cntt&g through a, and coming to over- 
lie it 
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the igneous mass must be the newest, and the stratified rock 
the oldest. Thus, in Fig. 217, the igneous sheet b reposes upon 
a fossiliferous bed c at D, and we may be quite certain that c 
was formed at the time when b was poured forth, and that it 
is, therefore, the oldest. The reverse of this, however, by no 
means holds good. When a stratified rock rests upon an 
igneous rock, as a upon ft, in Fig. 217, it may perhaps be that 
the stratified rock is the youngest, but it by no means neces- 
sarily is so. If the igneous rock has been originally forced or 
injected between two sets of beds (as is actually the case with 
by for it is seen to cut across a at the point E), then the igne- 
ous rock is younger than the beds between which it lies ; the 
beds which rest upon it are older in spite of their being the 
highest. The test of age, therefore, by mere superposition, is 
not a certain one as applied to lavas and traps, but it applies 
with certainty to all stratified volcanic and trappean deposits, 
such as ashes, tuffs, and breccias. As we shall see, however, 
in explaining the distinction between " contemp>oraneous " and 
" intrusive " lavas and traps, the test of age by superposition 
becomes a very reliable one, even in the case of these, when 
combined with the metamorphism or alteration of the rocks 
above and below. 

Secondly y the test of age by organic remains is in the na- 
ture of the case only very rarely applicable. It is only appli- 
cable in the case of ash-beds which have been produced by a 
sub-a6rial volcano, and which have fallen on land ; or in the 
case of ashes or tuffs which have been sorted by water, and 
which may contain marine or fresh-water fossils — as the former 
may include the remains of terrestrial animals. The laws here 
are exactly the same as in the case of ordinary sedimentary 
deposits, and need no further notice. 

Thirdly y the test of age by mineral characters is even 
more uncertain in the case of volcanic rocks than in that of 
the aqueous formations. In some cases, no doubt, the mineral 
characters of a particular bed of trap or lava are sufficiently 
well marked and constant to allow, of its being identified at 
distant points ; but this is not very common, and of itself gives 
no clew as to the age of the roct 

Fourthly y the test of age by included fragments, when 
available, is a very certain one. If an aqueous rock be found 
to contain pebbles of a given igneous rock, then obviously the 
former is the youngest. Again, if an igneous rock contain 
determinable fragments of some aqueous rock, as sometimes oo- 
curs, then the igneous rock has been the last formed of the two. 
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CoNTKscPOHAiraoijs ASD iNTEusivBi TsAPB. — ^Thcre are 
two t«rma constantly employed in speaking of the volcanic 
and trappean rocks, which it is absolutely necessary to under- 
stand, viz, : the terms " contemporaneous " and " intrusive." 

When a bed of lava or trap has been deposited as part of 
a stratified series — that is to say, when the lava or trap has 
been poured out so as to rest upon one set of beds, and then 
a second set of beds has been formed upon its oooled surface, 
so that the whole forms one continuous series — then the ig<- 
neous rock is said to be eontemporane<nia or irUerbedded. 

When, on the other hand, the igneous rock has been forced 
violently among the other rocks at some time subsequent to 
the formation and deposition of the latter, then the igneous 
rock is said to be inmuive (Fig. 218). 



Fia. EIS,— TVip lotrodsd betireen dlsplnceil beds of Kn 
Durliim. (Sedgwick.) 

A contemporaneous or interbedded trap belongs to tJte 
same geological period as the rocks among wAjcA it is situated. 
Thus-, a Carboniferous trap, if interbedded, has been formed 
by a Carboniferous volcano, and belongs to the Carboniferous 
period. 

An intrusive trap always belongs to a later period than 
the rocks through which it breaks. Thus, a C^boniferous 
trap, if intrusive, does not belong to the Carboniferous period, 
but to some later epoch — possibly to some very greatly later 
date. An intrusive trap in Carboniferous strata might, for in- 
stance, have been formed by a Tertiary volcano, and thus be- 
long to the Tertiary period. 

It is to be remembered, also, that as every trap or lava, 
even if contemporaneous, has come up through the crust of 
the earth through some conduit or fissure, so it must be intru- 
sive as regards the rocks upon which it rests, not eveiywbere, 
but at some particular point or other. 
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As regards the distinction in practice between those lavas 
and traps which are contemporaneous or interbedded,. and 
those which are intrusive, the following rules may be laid down : 

a. If the igneous rock can be shown to cut across the 
stratified rocks at any point, so as to come into relation at dif- 
ferent times with different beds, then it is almost certainly in- 
trusive. Thus, the bed of trap ^, in Fig. 217, would seem to 
be contemporaneous if only examined at the point D ; but, 
when examined at £, it is seen to cut across the bed a, so that 
it is shown to be really intrusive. 

b. If the igneous rock keep invariably at the same horizon, 
coming always into relation with the same beds both above 
and below, then it is interbedded. 

c. If the beds which rest upon the igneous rock are in any 
way metamorphosed or altered by the heat of the originally 
melted mass, then the igneous rock is intrusive. 

d. K only the beds hdow the igneous rock are metamor- 
phosed or burnt, and those above it are unaffected, then the 
igneous mass is contemporaneous, since this shows that its 
upper surface had cooled before the higher beds were deposited 
upon it. 

e. If the beds above the igneous rock contain fragments 
clearly derived from that rock, then we are dealing with a con- 
temporaneous trap. 

f. Lastly, if beds of trap or lava are clearly interstratified 
with beds of ash or tuff, then the igneous rock is in all proba- 
bili^ contemporaneous. 

TRAP-DIKES. — ^Little need be said here as to Trap-dikes. 
As has been already explained, they are vertical or nearly ver- 
tical wall-like masses of originally melted rock, forced during 
a paroxysm of volcanic activity into fissures in the crust of the 
earth. This being their mode of formation, they generally 
run tolerably straight— often for many miles — cutting across 
all the rocks in their course, whether these be aqueous or ig- 
neous. Hence, it is not at all uncommon to find dikes of trap 
traversing other trap-rocks, whether these be contemporaneous 
or intrusive. 

It is hardly necessary to remark that every trap-dike is of 
necessity younger than all the rocks through which it cuts. 
This is obviously .the case, though we may not be able in any 
given case to decide how much younger the dike may be than 
the walls of rock on either side. 

As regards the metamorphism produced by traps, and 
especially by trap-dikes, it is easy to understand what occurs. 
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As the entire mass of the dike was originally fluid with heat, 
it would, of course, part most readily and rapidly with its heat 
at its sides, where the melted rock came into contact with the 
cold walls of the fissure. This produces a twofold efiect — 
partly upon the dike itself, and partly upon the rocks forming 
the sides of the fissure. As regards the dike itself, as the 
process of cooling has gone on most slowly in the centre, it is 
here that the rock is most coarsely crystalline, and it becomes 
gradually more and more fine-grained as we approach the 
sides, where the cooling was most rapid. If the dike is por- 
phyritic, containing distinct crystals — these will be found to 
become gradually smaller, and ultimately to disappear alto- 
gether toward the sides of the dike. As to the effect pro- 
duced upon the rocks through which the dike cuts, thejse are 
always burnt and metamorphosed on both sides for a greater 
or less distance, the amount of metamorphism depending 
partly on the nature of the rock itself, and partly upon the 
size of the dike. The metamorphism presents nothing very 
speciaL The rocks are all indurated, their fossils are partly or 
wholly obliterated, their bedding is often destroyed, and fre- 
quently they have a reddened or burnt appearance. Their 
mineral characters, too, are changed; sandstones becoming 
quartzites, shales being converted into homstone, limestones 
and chalk becoming saccharoid marbles, and so on. 

With respect to the different ages of the different volcanic 
and trappean^ rocks, it would lead us too far to enter into any 
consideration of the characters of the igneous rocks of the 
great geological periods, and of the areas in which these are 
found. It is sufiBcient to say that the stratified rocks of every 
period are accompanied by contemporaneous igneous rocks, 
not in every country, but somewhere or other. Thus we have 
Palaeozoic, Mesozoic, and Kainozoic traps ; Silurian, Devonian, 
and Carboniferous traps, and so on. 
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GRAJSnnO AND HSTAMOBPHIC BOCKS. 

Granitic Rocks. — Granites, and the granitic rocks gen- 
erally, make their appearance at the surface in large masses, 
which usually occupy considerable areas, and which send 
veins into the rocks with which they come in contact. With 
one or two exceptions, however, and these on a small scale, 
no granitic rock has been shown to rest upon any stratified 
rock ; so that granite is said to be an " underlying '' rock, and 
thus differs wholly from the overlying trappean rocks, which 
commonly repose upon stratified rocks (see Fig. 214, a). 

Though granite never rests upon any other rock, it may 
and does break through the other rocks, altering those with 
which it comes in contact. Granite, therefore, jvould appear 
to be commonly an intrusive rock ; and as such it is, of course, 
of later age than all the rocks through which it breaks. This 
would hold good, even if we suppose granite to have a purely 
metamorphic origin. 

This fact has led to the very important generalization that 
granites are of all ages. When, for instance, we find a granite 
intruded among Tertiary strata, and altering them on its way 
to the surface, we know that it is of later age than the Ter- 
tiary rocks through which it breaks. The older geologists 
believed that the first rock which was formed was granite, 
and that the first step in the production of the crust of the 
earth was the formation of a continuous envelope of granite. 
Upon this coat of so-called "primeval" or "fundamental" 
granite they believed all the stratified formatjpns to have been 
subsequently deposited. This may be so, but we are unable 
to point with certainty to any of this prin^eval granite. All 
we know is the undoubted fact that the aqueous rocks are 
always seen to rest upon granite. That is to say, if in any 
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particular region, or country, you caD find out which wao the 
oldest stratified rock ever deposited in that area, and if you 
can see what that resta upon, you will find it to repose upon 
granite. This is a very difi'erent thing, however, to the belief 
that all ihe granites which we see at the present day, at the 
sur&ce of the earth, belong to a primeval crust of granite, 
aad are, therefore, older than all the stratified rocks. In all 
probability none of the granites which we see at the present 
day belong to any such primeval crust; and we now know 
for certain that granitic fbmiations have been produced during 
every great geological period, and are probably being formed 
at the present moment at great depths below ttie surface. 

The chief tests by which the age of any given mass of 
granite may be determined are these : 

1. Whenever sedimentary rocks are found reposing upon 
a mass of granitic rock, without showing any alteration near 
the line of jimction, then the granite is the older of the two. 

3. When, on the other hand, sedimentary rocks come into 
contact with granitic rocks, and are found to be metamor- 
phosed near the line of contact, then it is clear that the gran- 
ite, if not intrusive, is, at any rate, newer than the strata 
which it alters. 
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]Bxactly the same thing is proved in a still more striking 
manner by the phenomena of granitic veins. Many granites, 
namely, agree with the intrusive trap-rocks, not only in alter- 
ing the strata, with which they come in contact, but also in 
sending veins into them (Fig. 819). And, these veins meta- 
morphose all the rocks in their immediate vicinity, just as 



242 6E0L0GT. 

trap-veins do ; thus affording convincing proof that the granite 
is younger than the rock thus penetrated. 

As regards the metamorphism produced by granitic veins, 
exactly the same phenomena are observable as in trap-veins, 
but generally upon a smaller scale, as the granite-veins are 
mostly smaller. Thus, the granite of the vein itself is more 
fine grained and less coarsely crystalline than that of the main 
mass, being, in fact, sometimes hardly distinguishable from 
trap ; while the rocks in contact with the vein are baked, in- 
durated, and altered in various ways. The metamorphism pro- 
duced by granitic masses, also, does not differ in kind from 
that produced by traps, but it is usually much more extensive. 
Thus, the metamorphism produced by a mass of trap rarely 
extends more than a few feet or yards from the igneous rocfc 
itself. In the case of large masses of granite, however, the 
metamorphism may be traced for half a mile to a mile, or 
more, from the granitic mass. The metamorphism is also 
usually more intense than in the case of trap, the strata being 
converted for a great distance into such genuine metamorphic 
rocks as gneiss, mica-schist, or hornblende-schist. 

With respect to the different ages of the granitic rocks, it 
is sufficient to say that there are Palaeozoic, Mesozoic, and 
even Kainozoic granites ; in £ict, that there are granites be- 
longing to most of the great geological periods except the 
latest And, even in the case of these, there are doubtless con- 
temporaneous granites also, but we do not see them, because 
granite is a rock formed at a great depth beneath the surface 
of the earth, and denudation has not yet been at work for a 
period of time sufficient to expose to our view the granites of 
the later Tertiary and Post-Tertiary epochs. 

Mbtamobfhic Rocks. — ^The chief regions in which Meta- 
morphic rocks are developed over large areas, are North 
America, South America, the Alps, Norway and Sweden, the 
Highlands of Scotland and Wales ; and in all these districts 
they are associated with lofty mountain-chains, and exhibit 
their most tvpical characters. 

As to the age of the Metamorphic rocks, it is clear that 
they may be regarded as having a twofold age. In the first 
place, they must obviously belong to the geological period in 
which they were first deposited as unaltered sediments ; and 
this, whether we can determine the date of this period or not. 
In the second place, every Metamorphic rock is secondarily 
referable to the period in which it was metamorphosed. The 
two periods in no way coincide with one another, the period. 
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of metamorpliism being always later — sometimes enormously 
so — ^than the period of original deposition. If, for example, 
we met with a group of Metamorphio rocks which we could 
prove to have been originally Liassic, and to have been meta- 
morphosed in the Eocene period, then we should have to re- 
gard them as liassic, looking to the time of their deposition, 
but as Eocene, if we regard them merely as Meta-morphic rocks. 

In determining the age of any given series of Metamorphic 
rocks, great difficulties are met with. The ordinary test of 
superposition, when available at all, only gives us the original 
age of the deposit, but gives no clew as to when the meta- 
morphism took place. Mineral characters are altogether use- 
less in determining the age of Metamorphic rocks, except as 
regards particular districts, and even then upon only a very 
limited scale. Fossils, as a matter of course, very rarely occur 
in the metamorphio rocks ; and when they do, they can only 
tell us the original age of the deposit. Thus, it is now known 
that the Metamorphic rocks of the Highlands of Scotland are 
really of Lower Silurian age, as they have been shown to con- 
tain in some places fossils characteristic of this period. 

As regards the actual ages of the different Metamorphic 
rocks, it is sufficient to say of them, as of the Granilic rocks, 
that they are of all ages. They commence in the Laurentian 
period, they are found in all the great geological periods 
which follow, and they are doubtless in process of formation 
at the present day. It is not meant by this, that we can 
point to the Metamorphic rocks of each formation; but no 
doubt there are such, and in many instances we can satisfac- 
torily prove this. 



CHAPTER XXXL 



lONEBAL TEIKS. 



Deposiib of minerals of dififerent kinds are found in rocks 
of all ages, and prindpallj' in three different ways: 1. In 
beds; 2. In superficial detritus ; 3. In veins. 

1. Metallic ores not uncommonly occur in beds in other 
stratified deposits. This is the case, for instance, with the 
beds ol clay-ironstone which occur in the Coal-measures. 
These deposits, however, differ in no way from the ordinary 
stratified or sedimentary formations, the ore having been de- 
posited in the same way as the other materials in the bed or 
beds in which it is now found. 

2. Metallic ores often occur in superficial detritua or aUu- 
mum. This is the case with the platinum of the Ui-al Moun- 
tains, with much of the .gold of Australia and California, and 
with some of the tin in ComwalL This case, also, needs no 
special consideration, because the metal has simply been de- 
rived from the denudation of rocks containing metalliferous 
veins, and in other respects these deposits resemble ordinary 
superficial accumulations. 

3. Most of the metallic ores occur, solely or chiefly, in 
what are called veins or lodes. A vein or lode may be defined 
as being a more or less highly-inclined fissin*e in the crust of 
the earth, which has been subsequently filled with foreign 
matter, this usually consisting of various spars or crystalline 
substances, more or less impregnated with metals in a native 
state, or in the condition of ore. 

That mineral veins or lodes are in reality ^t^, filled up 
subsequently by extraneous material, can be proved, in the 
great majority of instances, by the fact that the beds on the 
two sides of uie lode do not correspond with one another, by 
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the frequent occurrence of " slickensides," and by the feet that, 
when veins cross one another, one very generally displaces 
the other (Fig. 220), or produces an apparent lateral shift at 
the surface. 

The materials con- 
tained in veins differ 
immensely in different 
veins, and often in dif- 
ferent parts of the 
same vein. As a rule, 
the biilk of the vein is 
made up of some gen- 
erally useless, crystal- 
line matters, such as 
quartz, calc-spar, heavy 
spar, etc., these consti- 
tuting what miners q 
call the " vein-stuff '' or 
"gangue." The me- 
tallic substances are 
mostly disseminated 
through the vein-stuff 
as small grains or crys- 
tals, or as little nests 
or strings, or some- 
times in considerable 
masses. 

As to the mode of 
deposition of metals 
in veins, several theo- 
ries are held, and per- 
haps no one of them 
will apply to all cases. 
As a general rule, it 
would appear that the 
contents of veins have 
been deposited in the 
primitive fissure by pre- 
cipitation from a wa- 
tery solution. This is i«ro. 220^VertIc8l section, showliig a copper lode <&, &,) 
Certainl V the case with IntePBectlng a tin lode (a, a), and prodadng a yertica] 

.. *^ 1 11* • diaplacement or "shift" of the vein. 

the crystalhne vein- 
stuff, and would seem also to be the case with the metals, 
whether these are native or in the state of ore. In judging 
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of this question we must not, of course, consider the solvent 
power of water as we see it at the surface. When under 
enormous pressure, and charged with various chemical ingre- 
dients, water may be raised to a very high temperature, and 
might then be capable of dissolving any of the metals. This 
view is further strongly supported by the phenomena of hot 
springs. These can generally be proved to break out along 
lines of fault or fissures in the crust of the earth. They con- 
tain most of the materials which are found in veins, especially 
flint, carbonate of lime, fluor-spar (fluoride of calcium), and 
heavy-spar (sulphate of barytes), all of which are found com- 
monly in vein-stuff', either alone or associated with one an- 
other. Any fissure, therefore, occupied by a hot spring, 
would doubtless be converted in the course of time into a 
mineral vein ; and there is reason to believe that this has not 
uncommonly been the case. 

With regard to the age of veins, since they are undoubt- 
edly in most cases connected with faults and fissures in the 
crust of the earth, it is pretty certain that they must be of all 
ages, and are doubtless in process of formation at the present 
day. It is very difficult, however, to point to the age of any 
particular lode, except under special circumstances, such as 
the occurrence of organic remains in the vein-stuff. In all 
cases, however, if the lode has been a line of fault, it must be 
of later age than the strata which it traverses, though it may 
be impossible to say how much later. 



QUESTIONS. 



1. Objects and scope of physical geography, of palaeontology, of min- 
eralogy, of geology proper ? 

2. What is the figure of the earth, and what conclusion may be deduced 
from this ? 

8. Length of the polar and equatorial diameters of the earth ? 

4. Most generally accepted hypothesis as to the original condition of 
the globe ? 

5. What facts support the view that the interior of thor earth is highly 
heated ? 

6. What is the general rate of increased temperature in mines and 
Artesian wells in descending below the surface ? 

7. What is meant by *^ mean density," and what is the mean density of 
the earth ? 

8. What is the mean density of rock ? 

9.* What conclusion seems deducible from the difference in the mean 
density of the earth as compared with that of rock in general ? 

10. What is the ordinary belief as to the condition of the interior of the 
earth? 

11. What is the origin of dry land ? 

12. Mention instances in which it has been shown that portions of the 
earth are at present sinking or rising. 

13. What is the diflTerence between the northern and southern hemi- 
spheres as regards the distribution of dry land ? 

14. What is the general difference between the Old World and the New, 
as regards their great mountain-chains ? 

15. Chief kinds of mountains ? 

16. Mountains of circumdenudation, how produced? 

17. Mountains of uptilting, how produced ? 

18. What mountains come under the head of '* mountains of ejection? " 

19. Define a volcano. 

20. Difference between submarine and subaerial volcanoes ? 

21. What is the general appearance of a quiescent volcano ? 

22. What are the conditions of volcanic activity ? 

23. Why do earthquake-shocks usually precede an eruption ? 

24. General phenomena of a volcanic eruption ? 
26. Nature of volcanic ashes, of scoriae, of lava ? 

26. What is the consistence of lava, and its general rate of movement ? 

27. Chief theatres of volcanic activity at the present day ? 
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28. What two great laws are deducible from the present distribution of 
volcanoes ? 

29. What is indicated by the arrangement of volcanoes in lines f 
80. General structure of a volcanic cone ? 

31. Arrangement of the beds of ash and lava round the crater ? 
82. Dikes, their nature and mode of production ? 

33. What is the generally-accepted theory as to the causes of Yolcanie 
activity ? 

34. General phenomena of earthquakes ? 
36. Where are earthquakes most common f 

86. What are earthquake-waves, and how are they caused f 

3Y. How are valleys produced f 

88. Define " denudation." 

89. What are the chief denuding agents f 

40. Double action of rain as a denuding agent ? 

41. What rocks are chiefly affected by rain, and why t 

42. How do rivers act as denuding agents ? 

43. On what conditions does the denuding power of a river chiefly depend ? 

44. Proofs that rivers really wear away the rocks over which they flow ? 

45. What is shown by the occurrence of rounded blocks, gravel, and 
sand, in a river-bed ? 

46. Mention approximately the amount of solid matter brought down by 
some of the great rivers of the earth ? 

41. What is a delta? 

48. Mention some of the largest and most important river-deltas ? 

49. What does the existence of a delta prove ? 

50. Why should some large rivers not produce deltas ? 

51. General action of the sea as a denuding agent ? 

52. Mention some proofs that the sea wears away the coast ? 

53. What is the essential difference between the action of the sea as a 
denuding agent and that of rivers ? 

64. What conclusion may be drawn as to many inland cliff's and preci- 
pices ? 

65. Show, from the phenomena of rivers and the sea, that denudation is 
a process of rearrangement^ and not of destruction, 

56. What is the "line of perpetual snow?" 

57. What is the height of this line in Britain, in the Alps, in the Andes, 
in Greenland ? 

58. What is a " glacier," and how is it formed ? 

59. Rate of movement of a glacier ? 

60. Why does a glacier ultimately cease to advance ? 

61. What are the "lateral moraines" of a glacier? 

62. How is a " median moraine " formed ? 

63. What is a " terminal moraine ? " 

64. What is the structure and appearance of a terminal moraine ? 

66. How would you recognize the terminal moraine of a glacier, suppos- 
ing the glacier to have disappeared ? 

66. What are " striated " blocks, and how are they produced ? 

67. What phenomena would be presented by the bed of a glacier, sup- 
posing the glacier to have disappeared ? 

68. What are crevasses ? 

69. What are " roches moutonn^es ? " 

70. What are " perched blocks ? " 

71. What are " erratics ? " 
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72. Whence are the erratics of a glacier derived ? 

73. What is the present condition of Greenland ? 

74. How are icebergs produced ? 
76. What is " continental ice ? " 

76. How do icebergs come to transport rocks and soil ? 

77. How may the erratics carried by icebergs be generally distmguished 
from those transported by glaciers ? 

78. What may be the sfee of a large iceberg ? 

79. What is "weathering?" 

80. What rocks weather most readily ? 

81. What are "snbae rial" rocks? Mention examples. 

82. What are organically-formed rocks ? Mention examples. 
88. What are coral-reefs ? 

84. What are the chief forms of coral-reefs, and how are they produced ? 

85. What is "coral-rock?" 

86. What is "peat?" 

87. Explain the doctrines of the " catastrophists " and "uniformita- 
rians ? " 

88. What is meant by the doctrine of the " adequacy of existing causes ? " 

89. What is meant by the " crust of the earth ? " 

90. Has the earth's crust been formed at once, as we now find it, or at 
successive periods and gradually ? 

91. How is " rock " defined ? 

92. What are the four great classes of rocks ? 

93. By what other terms are aqueous rocks known ? 

94. How are the aqueous rocks distinguished ? 
96. What is meant by the term " stratified ? " 

96. What may be inferred as to the origin of the stratified rocks ? 

97. How could you distinguish between beds deposited in fresh water, 
and those laid down in the sea ? 

98. Define the term "fossil." 

99. Do fossiliferous beds contain fossils throughout ? 

100. Define the term "formation." 

101. What is meant by the term " laminated ? " 

102. Mention cases in which rocks are laminated, and may contain fossils, 
and yet not be of aqueous origin. 

108. What rocks are included under the head of volcanic rocks ? 
104. How are the volcanic rocks distinguished ? 
106. What are the Trappean rocks ? 

106. How would you prov6 that the Trappean rocks are of volcanic 
origin? 

107. Why should we not be surprised at not being able to point to the 
cones and craters of the Trappean rocks ? 

108. What are the Plutonic rocks ? 

109. How are they distinguished from the aqueous rocks ? from the vol- 
canic rocks ? ' 

110. How is crystallization afibcted by rapid or slow cooling ? 

111. How does this bear on the question of the origin of the Plutonic 
rocks? 

112. Why are the Plutonic rocks called "underlying rocks?" 

118. How can it be shown that the Plutonic rocks must have been at one 
time melted ? 

114. What general conclusions may be drawn as to the origin of the 
Plutonic rocks ? 
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116. What are the Metamorphic rocks ? 

116. How do they agree with the Plutonic rocks ? 

117. In what do they differ from the Plutonic rocks ? 

118. What is the ordinary theory as to the nature of the Metamorphio 
rocks ? 

119. What is understood by the term "hypogene? " 

120. What are the main subdivisions of the aqueous rocks? 

121. What is meant by " derivative" rocks ? 

122. Composition of the arenaceous rocks ? 

123. What is a " grit ? " 

124. How are siliceous rocks recognized in the field? 

125. What is a conglomerate? 

126. What caution must be observed in determining the age of a con- 
glomerate from its fossils ? 

127. What is a "breccia?" 

128. Composition of the argillaceous rocks ? 

129. What is clay ? 

130. How are argillaceous rocks recognized in the field ? 

131. Mention the chief varieties of the argillaceous rocks ? 

132. What is loam? 
183. What is " marl ? " 

134. What rocks may be said to be chemically formed ? 

135. Composition and characters of chalk ? 

136. Characters of limestone ? 

137. Various modes in which limestone may be produced ? 

138. Chief varieties of limestone? 

139. What is marble ? 

140. What is an "oolitic" limestone? 

141. Characters of magnesian limestone and its chemical composition? 

142. How may limestone be recognized in the field ? 

143. What is gypsum, and how does it generally occur ? 

144. What is alabaster ? 

145. How does rock-salt usually occur ? 

146. Chemical composition of coal, and its chief varieties ? 

147. In what two forms do volcanic and Trappean formations occur ? 

148. Is there any chemical difference between the melted products of 
volcanoes and their mechanical accompaniments ? 

149. Of what two families of minerals are the volcanic and Trappean 
rocks essentially composed ? 

150. Chemical composition of felspar? 

151. Leading varieties of felspar ? 

152. Chemical composition of hornblende? 

153. What relations subsist between hornblende and au^te? 

154. Chief varieties of lavas? 

155. What is a "trachyte? " 

156. What is obsidian ? 

157. Chief mechanical accompaniments of modem volcanoes ? 

158. Chief divisions of the Trappean rocks? 

159. What is basalt? 

160. What are the mechanical accompaniments of traps? 

161. Define the term " porphyritic." 

162. What is |in " amygdaloid," and how is it produced ? 

163. Chief varieties of the Plutonic rocks ? 

164. Chemical composition of granite ? 
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165. How does the quartz of granite ordinarily occur ? 

166. Chemical composition of mica ? 

167. What peculiarity is there in the crystallization of granite t 

168. To what conclusion as to the origin of granite does this peculiarity 
point? 

169. What is the composition of syenite, of protogine? 
110, Whatiseurite? 

171. What are the chief yarieties of the Metamorphic rocks f 

172. Composition and structure of gneiss ? 

173. Composition of hornblende-schist, of mica-schist? 

174. Nature of quartzite? 

175. What are the ** divisional planes ** of rocks? 

176. Define ^* planes of deposition.^* 

177. What are the diflferences between " strata " and " laminsB ? " 

178. What are "joints ? " 

179. Can any regular arrangement be traced in joints ? 

180. What are the causes of joints ? 

181. In what rocks is columnar jointing seen ? 

182. What is the structure of " articulated" columnar basalt? 

183. What law do the columns of an igneous rock always obey? 

184. What is columnar jointing due to? 

185. Define cleavage, and distinguish it from lamination and jointing. 

186. What is meant by the expression that cleavage is a ** superinduced " 
structure ? 

187. How may the lines of bedding be detected in cleaved rocks? 

188. Define " slate," and distinguish it from " shale ? " 

189. What relation do cleavage-planes hold to the original lines of lami- 
nation ? 

190. How is the texture of cleaved rocks affected by the cleavage? 

191. What is the effect of cleavage upon fossils ? 

192. What is the generally-accepted theory as to the origin of cleavage ? 

193. Mention the experiments of Sorby and Tyndall? 

194. Define "foUation." 

195. Define "schist," and distinguish it from slate and shale. 

196. Mention any theory as to the cause of foliation. 

197. Is there any necessary relation between the planes of foliation and 
those of deposition ? 

198. In what position were the stratified rocks ori^nally deposited ? 

199. In what position are stratified rocks now usually found ? 

200. What is the cause of "inclined" strata? 

201. What is meant by "thinning out? " 

202. What is meant by " false bedding? " 

203. What does this indicate ? 

204. Explain the formation of ripple-mark. 

<J06. Wfeit are " desiccation-cracks," and how are they formed ? 

206. What do " rain-prints " indicate ? 

207. What is meant by the " dip " of inclined beds ? 

208. Define " outcrop." 

209. What is the "line of strike?" 

21(X What necessary relation subsists between the strike and dip of in- 
clined beds ? 

211. What beds have no " line of strike ? " 

212. What inclined beds have no "point of dip ? " 

213. What is understood by "contorted ". strata ? 
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214. How are contortions produced ? 
216. What is an anticlinal curve ? ' 

216. What position is held by the oldest beds in an anticline f 

217. What is meant by a ** qui-quft-versal " dip ? 

218. What is a synclinal curve ? 

219. What position is held by the oldest beds in a synclinal curve? 

220. When do beds form a " basin ? " 

221. When are strata said to be ** conformable?'* 

222. Define unconformability. 

223. Does unconformability necessarily indicate a discordance in dip ? 

224. What is the commonest case of unconformability in practice ? 
226. What sequence of phenomena is indicated by unconformability? 

226. What is " overlap ? " 

227. Is overlap always a sign of unconformability? 

228. What is a fault? 

229. What is meant by the " throw " of a fault ? 

230. Explain the terms " up-throw side,** ** down-throw side." 

281. What is the " hade ** of a fault ? 

282. In what direction does a fault necessarily hade, and why ? 

238. What is " slickensides ? ** 

284. What is the ordinary condition of the up-throw side of a fault ? 

236. How are faults ordmarily detected in practice ? 

286. What is meant by the " lateral shift ** of faulted and inclined strata ? 

237. How does the repetition of the same beds as produced by faults 
differ from that produced by anticlinal and synclinal curves respectively ? 

288. What are the chief tests of the age of any particular bed or set of 
beds? 

239. In what way and to what extent do fossils enable us to pronounce 
as to the age of any given bed or set of beds ? 

240. Mention some reasons why no country exhibits a complete and regu- 
lar succession of the aqueous rocks ? 

241. Into what three great periods is the entire series of fossiliferous 
rocks divided ? 

242. What are the great divisions of the animal kingdom ? 

248. Give the characters of the Froiozoa, and their chief fossil represent- 
atives. 

244. Characters and chief fossil groups of the Ccdenterata f 

246. Characters and more important extinct forms of the Echinodermataf 

246. Characters and chief fossil forms of the Annitlosa / 

247. Characters of the MoUusca 9 Leading groups of the same ? 

248. Characters of the Vertebrataf 

249. Leading groups of the Vertebrates ? 

260. Main divisions of the vegetable kingdom? 

261. Name " Laurentian,** how derived ? 

262. Where are the Lanrentian rocks chiefly developed ? * 
268. Mineral characters of the Laurentian rocks ? 

264. Life of the Laurentian period ? 

266. Relation of Lower to Upper Laurentian? * 

266. Where are the Huronian rocks found ? 

267. Mineral characters and age of the Huronian rocks ? 

268. Their relations with the Laurentian rocks ? 

269. Name " Cambrian,** how derived ? 

260. Mention the chief members of the Cambrian series in Britun. 

261. Give the chief fossils of the Lingula flags. 
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262. What are Trilobites ? 

263. Chief Cambrian rocks of North America ? 

264. What fossils specially characterize the Skiddaw and Quebec groups ? 

265. Mention some of the Cambrian rocks of the continent of Europe. 

266. What classes of animals chiefly abounded in the Cambrian period ? 

267. Name " Silurian," how derived ? 

268. Main divisions of the Silurian series and chief localities in which it 
is developed ? 

269. Chief subdivisions of the Lower Silurian series in Britain ? 

270. Mineral characters, thickness, and fossils, of the Bala group ? 

271. Chief subdivisions of the Upper Silurians in Britain? 

272. At what horizon are the earliest fish-remains found in Britain ? 

273. Chief subdivisions of the Lower Silurians in North America? 

274. Chief subdivisions of the Upper Silurians in North America ? 

275. Chief classes of animals which flourished in the Silurian period ? 
*276. Origin of the name " Devonian ? " 

277. How far can the name ** Devonian " be regarded as equivalent to 
"Old Red Sandstone?" 

278. Divisions of the Old Red Sandstone in Scotland ? 

279. Chief fossils of the Old Red Sandstone ? 

280. Characters of the Devonian rocks of Devonshire ? 

281. Chief fossils of the Devonian rocks ? 

282. Chief subdivisions of the Devonian series in North America ? 

283. At what horizon do fish first make their appearance in North America ? 

284. Chief fossils of the Devonian rocks of North America ? 

285. Characters of the vegetation of the Devonian period ? 

286. Chief classes of animals which flourished in the Devonian period ? 

287. Origin of the name " Corniferous ? " 

288. Origin of the name " Carboniferous ? " 

289. Leading division of the Carboniferous series ? 

290. Characters of the Mountain-Limestone ? 

291. Chief fossils of the Mountain-Limestone ? 

292. What Brachiopods are most characteristic of the Carboniferous 
rocks? 

293. Mineral characters of the Millstone Grit ? 

294. Mineral characters of the Coal-measures ? 

295. Thickness of the Coal-measures in South Wales and Nova Scotia ? 

296. What is the *^ underclay " of a coal-seam, and what fossils does it 
contain ? 

297. What classes of plants abounded especially in the Carboniferous 
period ? 

298. What living plants does Lepidodendron chiefly resemble ? 

299. What are the characters of CcdamUea^ and to what living plants arc 
they most nearly allied ? 

300. What connection is there between SigiUaria and Stigmaria / 
801. To what group is SigiUaria believed to be referable ? 

302. Give the generally-received theory as to the origin of coal. 

303. Show how this is borne out by the fossil remains of the Coal- 
measures. 

304. What air-breathing animals are specially noticeable as occurring in 
the Coal-measures? 

805. Mention some other fossils which characterize the Coal-measures. 
306. What points of interest are noticeable as regards the life of the 
Carboniferous period ? 

12 
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807. Origin of the name ** Permian ? ♦' 

808. Origin of the name " New Red Sandstone ? ** 

809. What groups of rocks are comprised under the old term " New Red 
Sandstone ? " 

810. In what case is the term *'New Red Sandstone'* still useful ? 

811. What relations do the Permian rocks usually bear to the Carbonif- 
erous rocks ? 

812. Into what three groups may the Permian series be usually diyided ? 

813. General characters of the Permian rocks in Britain ? 

814. General characters of the Permians in Germany ? 
*815. Mineral characters of the Middle Permians? 

816. Chief fossils of the Permian series? 

817. Why should the Permians be placed in the Pabeozoic series ? 

818. Characters of the Permians of North America? . 

819. Contrast the vegetation of the Permian with that of the Carbonifer- 
ous period. 

820. What are the three divisions of the Trias recognizable in Germany ? 

821. Mineral characters and chief fossils of the Bunter ? 

822. Mineral characters and chief fossils of the Muschelkalk ? 

823. Mineral characters and chief fossils of the Keuper ? 

824. What member of the Trias is wanting in Britain ? 

825. Origin of the name " Rhaetic ? " 

826. What fossils characterize the Avicula eoniarta beds ? 

827. What Palieozoic fossils appear for the last time in the Rhaetic beds ? 

828. What Mesozoic fossils appear for the first time in the Rhsetic bods ? 

829. What class of Vertebrates appears for the first time in the European 
Trias ? 

830. Name of the earliest known Mammal ? 

831. To what group of living Mammals is MteroUsU^ supposed to belong ? 

832. How is CeratUes distinguished from Ammomteg f 
838. Chief localities of Triassic rocks in North America ? 
834. Supposed nature of the footprints of the American Trias ? 
836. What is the fossil called " Cheirotherium ? " 

836. To what class of Vertebrates do the Labyrmthodonta belong? 

837. What classes of animals chiefly abounded in the Triassic period ? 

838. With what rocks is rock-salt often associated ? 

839. What is the ordinary theory as to the origin of beds of rock-salt ? 

840. Origin of the name ** Jurassic ? '* 

841. Origm of the name " Oolitic ? " 

3i2. Chief subdivisions of the Jurassic rocks in Britain? 

843. Characters and thickness of the Lias ? 

844. Chief fossils of the Lias ? 

845. Characters of the Great Oolite? 

846. What fossils render the Stonesfield Slate remarkable ? 

847. What plants chiefly characterize the Lower Oolites ? 

848. Divisions of the Middle Oolites in Britain ? 

849. Characters, thickness, and fossils, of the Oxfiord Clay ? 

850. Chief.fossils of the Coral Rag? 

851. Divisions of the Upper Oolites in Britain ? 

852. Characters of the Kimmeridge Clay ? 

863. Characters of the Portland beds ? 

864. Characters of the Purbeck beds ? 

856. What plants characterize the Purbeck beds ? 
- 866. Mention some of the Mammals of the Purbeck series ? 
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857. Characters and chief localities for the Jurassic rocks m North 
America ? 

358. What is the horizon of the Solenhofen Slate, and what more remark- 
able fossils has it yielded ? 

359. What characters distinguish Ammoniiea from NauGhtsi 

360. Mention some characteristic Liassic Ammonites. 

361. What are J^^^cmni^^ 

362. Mention a characteristic Liassic Oyster. 

368. What FalsBNOZoic genus of Brachiopo<Jte appears for the last time in 
the Lias ? 

864. What groups of fishes. specially characterize the Lias ? 

865. What is the zoological position oi Jchthyotaurus and Pletioaaurus f 

866. What are liie leading characters of IclUhyoMurwf 
86Y. How does Fletiotaurut differ from IcIUhyoiMurwi 

868. What class do PUradadylft belong to ? 

869. What characters distinguish the Pterodactyles ? 

870. Mention a characteristic Crinoid of the Middle Oolites. 

871. By what characters is Arehceopteryz distinguished from all liying 
birds, and in what formation does it occur ? 

372. What peculiarity in ArchoBopteryz is of a Reptilian character? 

373. To what order of living Mammals do the Oolitic Mammals show 
most resemblance ? 

374. Derivation of the name " Cretaceous ? '* 

876. Is eh€ilk necessarily present in the Cretaceous rocks? 

876. Chief divisions of the Cretaceous series in Europe ? 

877. Chief subdivisions of the Lower Cretaceous series ? 

878. Origin of the name ** Wealden ? " 

879. Geographical distribution of the Wealden beds ? 

880. Mineral characters of the Wealden beds ? 

881. Fossils of the Wealden? 

882. Origin of the Wealden beds? 

888. Mention some of the Reptiles of the Wealdea 

884. To what living fonns is Iguanodon comparable, as regards its teeth ? 

885. Origin of the name " Greiensand " — is it appropriate ? 

886. Origin of the name " Neocomian ? " 

887. Mineral characters and origin of the Lower Greensand ? 
388. Fossils of the Lower Greensand ? 

889. Palseontological break between the Lower and Upper Cretaceous 
groups? 

390. Physical break between the same in Britain ? 

891. Chief subdivisions of the Upper Cretaceous series ? 

892. Mineral characters and geographical distribution of the Gault ? 

893. Fossils of the Gault ? 

894. Mineral characters of the Upper Greensand ? 

895. Divisions of the Chalk proper ? 

896. Nature of the Chalk-marl ? 

897. Mineral characters of the White Chalk ? 

398. Geographical extent of the White Chalk ? 

399. General belief as to the origin of Chalk ? 

400. What microscopical shells have been shown to occur extensively in 
chalk ? 

401. What recent deposit is nearly allied to Chalk ? 

402. How do flints occur in Chalk ? 

403. To what are the chalk-flints supposed to owe their origin? 
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404. What groups of the Protozoa abound especially in the Cretaceous 
rocks? 

406. Mention a characteristic Chalk bivalve. 

406. What Cephalopods are especially characteristic of the Cretaceous 
rocks? 

407. Mention some genera, allied to the Ammonites^ which are exclusive- 
ly Cretaceous. 

408. How does a JBaculUe differ from an Amnwmie f 

409. How does a Turriliie differ from an Ammoniie f 

410. What group of Echinoderms is chiefly represented in the Cretaceous 
rocks? 

411. Mention one or two characteristic Chalk Sea-urchins. 

412. What group of fishes appears for the first time in the Chalk ? 

413. What Reptiles appear here for the last time? 

414. What is the Maestricht Chalk ? 

416. In what way does it indicate a transition between the Chalk and 
the Tertiary beds ? 

416. Mention a celebrated Reptile of the Maestricht Chalk. 

417. How does the Chalk of the south of Europe differ from that of 
Britain? 

418. What is the chief member of the Chalk of Southern Europe ? 

419. What class do ffippuriiea belong do? 

420. Mention some of the peculiarities of Jlijtpuriles. 

421. What is the remarkable feature in the vegetation of the Cretaceous 
period ? 

422. Characters and geographical distribution of the Cretaceous rocks 
of North America ? 

423. What are the physical relations between the Eainozoic and Meso- 
Eoic rocks ? 

424. How are the Tertiary rocks shown to be unconformable to the Cre- 
taceous rocks? 

426. What are the paUeontological relations between the Tertiary and 
Cretaceous rocks ? 

426. Why is there special difficulty in classifying the Tertiary rocks f 

427. What is the basis of clasufication proposed by Sir Charles LyeU f 

428. Give the names of the divisions of the Tertiary series proposed by 
Sir Charles LyeU. • 

429. Derivation of the name ** Eocene ? *' 

430. Proportion of existing species of shells in the Eocene ? 

431. Divisions of the Eocene In Britain? 

432. Characters and thickness of the London clay? 

433. Chief fossils of the London Clay? 

434. Characters and fossils of the Middle Eocene ? 

436. Position and mineral characters pf the Calcaire grossier? 

436. Fossils of the Calcaire grossier ? 

437. Characters and position of the gypseous series of Montmartr& 

438. Fossils of the same ? 

439. Distribution of the Nummulitic limestone ? 

440. Characters and position of NummtUiieaf 

441. Characters and geographical distribution of the Eocene rocks of 
the United States ? 

442. Mention some of the more characteristic genera of Eocene Mammals. 
448. What order of Reptiles, so far as known, first appealed in the 

Eocene rocks ? 
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444. Derivation of the name " Miocene ? '* 

445. Proportion of existing ispecies of shells in the Miocene ? 

446. Miocene rocks of Britain ? 

447. Lower Miocene strata of France f 

448. Origin of the name " Faluns ? " 

449. Chief fossils of the Faluns ? 

450. Af^nliies of Deinotheriumf 

451. Fossils of the Austrian Brown-coals f 

452. Characters of the Miocene strata of Switzerland ? 
463. Fossils of the Swiss Miocene ? 

454. Characters and geographical distribution of the Miocene rocks of 
North America ? 

455. General characters of the Miocene plants ? 

456. Miocene plants of Europe, what climate do they indicate ? 

457. To the plants of what country are the plants of the European Mio- 
cene most nearly allied ? 

458. What theory is this supposed to support f 

459. Miocene plants of Crreenland, climate indicated by ? ^ 

460. Mention some of the more important Mammals of the Miocene period ? 

461. What types of the order Frobosddea are now represented f 

462. Derivation of the name ** Pliocene ? '* 

463. Proportion of existing species of shells in the Pliocene f 

464. Origin of the name '' Crag ¥ *' 

465. Divisions of the Pliocene in Britain f 

466. Characters of the Coralline Crag f 

467. Fossils of the Coralline Crag? 

468. Climate indicated by the sheUs of the Coralline Crag? 

469. Characters and distribution of the Red Crag? 

470. Fossils of the Red Crag ? 

471. Climate indicated by the shells of the Red Crag f 

472. Characters of the Norwich Crag ? 

473. Fossils of the Norwich Crag ? 

474. Characters and distribution of the Pliocene deposits of the United 
States? 

475. Characters of the sub-Apennine deposits ? 

476. Characters of the Newer Pliocene of Sicily ? 

477. Characters of the Aralo-Caspian beds ? 

478. Post-Tertiary deposits, how distinguished from Tertiary ? 

479. Divisions of the Post-Tertiary, how distinguished ? 

480. Characters and fossils of the Cromer forest-bed ? 

481. Glacial period, why so called ? 

482. Names applied to the Glacial deposits ? 

483. General nature of Glacial deposits ? 

484. Characters of true Bowlder-day ? 

485. General sequence of phenomena indicated by the Glacial deposits 
of Scotland ? 

486. Character of shells in Scotch Glacial deposits ? 

487. General phenomena of the glac^ation of North America ? 

488. Meaning of the term " alluvium ? " 

489. Origin of fluviatile deposits ? 

490. Nature and origin of the Rhine '* loess ? ^ 

491. Distinction between high-level and low-level valley-grayels ? 

492. Show that the high-level gravels are older than the low-level gravels. 

493. Extinct Mammals of the high-level gravels ? 
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494. Nature and characters of the remams of man found m the high-Ierel 
gravels ? 

496. Conclusions deducible from the remains of these gravels as to the 
antiquity of the human race ? 

496. Mode in which caverns in limestone are produced ? 

497. Mode in which various deposits have been introduced into caverns? 
49^. Mode in which cave-deposits have been preserved i 

499. Chief extinct Mammals of European caves 2 

600. Remains of man in cave-deposits ? 

601. Mammals of the Australian caves ? 

502. Extinct Mammals of Brazilian caves f 

503. Recent period, how characterized ? 
604. Age of Stone, how characterized f 

505. How are the Paleolithic and NeoHthic periods distinguished ? 

606. What animals accompany the remains of man in the Later Stone age ? 

607. Age of Bronze, how characterized ? 

508. Are there any traces of an age intermediate between the Age of 
Stone and that of Bronze ? 

609. Age of Iron, how characterized ? 

610. Kitchen-middens of Denmark ; what are they, and to what age do 
they belong ? 

511. Age of the Danish peat J 

612. Nature and age of the Swiss Lake-dwellings? 

613. How may the scarcity of human bones m Recent deposits be partly 
accounted for ? 

614. What two types of skull are recognizable in the earlier races of man? 
616. What type of skull characterizes the men of the Later Stone age? 

516. Mode of occurrence of volcanic and trappean rocks. 

517. What are the principal tests of the age of d volcanic. or trappean 
rock? 

618. WTiat is meant by a " contemporaneous " trap? 

619. What is meant by an "intrusive" trap? 

520. How would you distinguish a contemporaneous trap in practice ? 

521. How would you distinguish an intrusive trap in practice ? 

522. What effects are produced by a trap-dike upon the rocks through 
which it cuts ? 

523. How is the dike itself affected ? 

524. Are traps of one or many ages ? 

526. How do the granitic rocks usually present themselves in the field ? 
526. How can it be shown that granite is often intrusive ? 

627. Have we any reason to believe in a " primeval " granite ? 

628. Cfein we point to any such " primeval " granite ? 

529. What invariable relation subsists between granite and the stratified 
rocks of any given region ? 

530. Can granite be shown to be ever an ** overlying ** rock ? 

531. Principal tests as to the age of any given mass of granite ? 

532. General phenomena of granitic veins ? 

633. General phenomena of the metamorphism produced by granitic 
masses? 

534. Are granitic rocks of one or of many ages ? 

536. Chief regions in which Metaraorphic rocks present themselves ? 

536. How have the Metamorphic rocks a twofold age ? 

537. By what tests may the age of a Metamorphic rock be detected ? 

538. Are Metamorphic rocks of one or of many ages ? 
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589. In what chief ways do mineral deposits occur ? 

540. Define a mineral vein or "lode.'' 

541. What connection obtains between lodes and faults? 

542. How can it be shown that most lodes are really lines of fault ? . 
548. What is meant by " vein-stuflf " or " gangue ? " 

544. What materials occur most commonly in mineral veins ? 
646. How do the metals usually occur in veins ? 

546. What is the most generally accepted theory as to the mode in which 
veins have been produced ? 

547. How do the phenomena of hot-springs bear on the formation of 
mineral veins ? 

548. How can it be shown that veins are of all ages ? 
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Acrogena, 120. 

Adiantitea SibemicM^ 144 

Age of Bronze, 280, 282, 28a 

Age of Iron, 281-288. 

Age of Stone, 280, 282. 

A&'breathers in Coal, 169. 

Alabaster, 67. 

Albite, 71. 

Alluvial deposits, 222; Becent, 228; Post- 
Pliocene, 216, 222. 

Alluyium, defined, 222. 

Alpine erratics, 88. 

Alps, gladers of; 88 ; KammoUtic Limestone 
of; 201. 

Alteration of Metamorphic Rocks, 57, 78. 

Alternation of different rocks, 48, 89. 

Alum Schists, of Sweden, 127, 180. 

America, Laurentian Bocks of; 124; Hnro- 
nian Bocks oi; 126; Cambrian Bocks oi; 
127; Silorian Bocks of; 186; Devonian 
Bocks oi^ 145; Carboniferous Bocks of; 
150; Permian Bocks oi; 168; Triassio 
Bocks of; 170; Jurassic Bocks of, 180; 
Cretaceous Bocks ot 192; Eocene Bocks 
oi; 200; Miocene Bocks oi; 207; Pliocene 
Bocks oi; 214; Glacial deposits of; 221. 

American forms in Swiss Miocene Flora^ 210. 

AmmoTUteA, 118, 178. 

Bucklandi, 176. 

pianorbiA, 175. 

Bumphreaiamia, 177. 

Amphibia^ 118. 

AmpMcyon^ 203. 

AmpMtheriunu, 178. 

Amygdaloid, defined, 74 

AneylocercM, 188. 

gigas, 187. 

epinigertim^ 189. 

Angiosperms, 120. 

Animal Kingdom, dasslflcation oi; 112-120. 

Amvuhida^ sub-kinedom oi^ 114 

An/iMdosa^ sub-kingdom of; 116. 

Anodonta Juk68i^ 14!i. 

Anogens. 120. 

AfU)plomeriwn^20SL 

Anorthite, 71. 

Anthracite, 155. 

Anticlinal curves, 96, 108. 

Antwerp Crags, 214 

ApiocrtniUB rotundua^ 178. 

Aqueous Bocks, 49, 60 ; oriflin of; 50, 61 ; flu- 
Tiatile, 52; bcostrine, 62; marine, 52; 



classes of; 60-68; different ages of; 109; 
chronological succession of; 121 ; main sub- 
divisions of 122. 

ArachnidcLf 115. 

Aralo-Caspian Post-Tertiary deposits, 214 

ArchcBopteryoB macrurct^ 180, 182, 184 

Archegosarirtta minor^ 160. 

Arenaceous Bocks, characters ol^ 61, 62. 

Argillaceous Bocks, characters and yaxieties 
of; 68, 64. 

Artesian wells, 4 

Articulate animals, 116. 

Aeaphtia iyrannus, 183. 

Ashes, felspatbic, 78; trappean, 70, 78; vol- 
canic, 15, 19, 70. 

AtiarU boreaUa^ 220. 

Asteroids, 114. 

Atlantic ooze, nature oi; 48; organic bodies 
oi;48,194 

Atolls, 45. 

Augite, 71, 72. 

Augitic lavas, 78. 

Australia, cave-deposits of; 229. 

Aves, 119. 

Avicula cowtorta, 169, 170. 

'' Avicula contorta'' beds, 169, 17a 

Azoic Series, 125. 

BactiUtea, 190, 196. 

cmcepa, 190. 

FaujaHl, 190. 

Bala Beds of Britain, thickness and fossUs of; 

183; American equivalents of; 187. 
Bala Limestone, 188. • 

Barrier-reefis, -45. 
Basalt, 72, 78; columnar, 82, 88. 
Basset edges of strata, 94 
BOenmUea, 117, 178, 176. 

el&ngatua^ 175. 

hastatua, 179. 

BirdVeye Limestone, 188. 

Bituminous Coal, 155. 

Bivalve SheD-fish, 117. 

Blaok-Biver Limestone, 188. 

Bombs, volcanic, 15. 

Bone-bed, of Ludlow Bocks, 186 ; of Bhntio 

beds, 169. 
Bovey Tracy, lignites oC 205. 
Bowlderday, 217, 219, 220; of Scotland, 218, 
Bowlders, erratic, 87, 88, 40, 217-219. 
BrcuMopodcL, 116. 
BrasU, cave-depoeits of; 229. 
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Breccia, definition at, 021 

Brick-earth, 222. 

Britain, Laurentiaa Rocks o^ 12B; Otanbrian 
Bocks o^ 126s Silurian Bocks of; 182; De- 
Toiiian Bocks 011142, 145: Carbouiferous 
Bocks o<; 150; Permian Bocks oC 146; 
Triassic Bocks ot, 168, 160 ; Jurassic Bocks 
of; 174; Cretaceous Bocks of; 185; Eocene 
Bocks oi; 199; Miocene Bocks oi; 205; 
Pliocene Kocks o^ 211 ; Post^Tertlaiy de- 
posits at, 216, 217. 

Brown-Ckial, 20& 

Bunter-Sandstein, of Britain, 168; of £a- 
lope, 167; fossils oi; 168. 

CalamitM, 156L 

■ canHatfannU^ 156L 

Suootoii, 166. 

Calcaire Grassier, 20a 

Gblcareons Bod^s, 64-66; Tsriefles of; 64-66. 

Calcarina rarisptna,, 200. 

Calceola aandahna, 146. 

Calciferous Sand-rock, 127, 18a 

Gambrian Bocks, 126; of Britain, 126, 127; 

of North America, 127; of Sweden, 127; 

of Bohemia, 127: fossils at, 128-18a 
CaradoG Bocks, 182. 
Carboniferous Limestone, 150, 151; fbssUs 

oi; 151, 152. • 
Carboniferous Bocks, 160; of Britain, 151, 

154; vegetation of 155-157; aoinMil Iifl» td, 

151, 160, 161. 
GBrboniferoos Slates, 151. 
Carcfiarodon Tieterodon. 201. 
Cardium Bhceticum, 169, 170. 
Catastrophists, doctrine of; 46. 
CatskiU Sandstone, 146, 147. 
Caye-bear, 228. 
Cave-hyena, 228, 229. 
Cave-lion, 228. 
Caverns, origin of; 226 : deposits in, 226, 227 ; 

fossil Mammals of; 228, 229. 
Centipedes, 115. 
CephcOaipis LueOiL 148. 
Cephalopoda^ 117, liSw 
Ceratltes, 168, 172. 
Ceratitea nodo8U8i 169. 
CerWUvm, 200. 
Chalk, 64. 
Chalk-marl, 189. 
Chalk, White, 189; of Britain, 189; origin 

of; 194; fossils of; 189, 190; of Soathem 

Europe, 192. • 
Chamcerops fftHvetica^ 209. 
Chazy Limestone, 187, 188. 
Cheirotheriunk, 168. 
Chemically-formed rodu, 64. 
Chemung Group, 146, 147. 
Chert, 66. 

Cherty Limestone, 66^ 
Oidaris papUlatcu, llfii 
Cinnamomum poiymorphwn^ 210. 
Clay, chemical composition of; 68; definition 

of, 68. 
Clay-slate, 64, 79. 
Cleavage, definition of; 84; distortion of fbs- 

sils by, 86; artificial production of; 87; 

origin oi; 86, 87. 
Clinton Group, 187, 188. 
Club-mosses, 120, 156. 
Clymenia linearis, 148. 



48; comparition <ft, 67: oif^ <rf; 
(; plants o( 155; miderclayft of; 151^ 



Goal, 

156; 

15& 
Coal-measuresi, general characters of; 154; 

of Wales, 154; prodoctton €< 168; SMails 

o£ 160, 160. 
Coi^Uodiia coniorfM, 1681. 
Coelenterate Animals, 118. 
Columnar jointing, 82, 8& 
Colunmar Trap, ^ 88. 
Confbrmability, 99. 
Congk>merate, 62. 
Coniston Group, 182, 188. 
CoDtinenfal ice, 89. 

Contortions of strata, 95; canaes of; 9T. 
Coralline Crag, 211, 212. 
Coral Bag, 178. 
Coral-reef^ 44, 46. 
Coral-rock, 45. 
Corals, 44, 118. 

Comiferous Limestone, 146, 147. 
Coryphodon^ 200. 
Crater, of volcano, 12. 
Cretaceous Bocks, 185; subdWlrions o£ 186; 

of Britain, 185, 186; of Eni^)e, 192; of 

North America, 193 ; fbssils off 195. 
Crevasses, of glader, 85. 

Crinoid&Il^ 

Cromer Forest-bed, 216. 

Cross-stratification, 91. 

Crust, of eartii, definition o( 48; snoosBidve 

formation of; 49. 
Onutacea^ 116. 
Cryptogamic plants, 120. 
Crystalline Schists, 56. 
Curved strata, 95. 

Curves, anticlinal, 96; syncHmi], 96, 97. 
Q/cOhocrinUes planua. 162. 
Oycadeoidea megalophiylku 181. 
Cvcads, 120, 172, 181. 
OyprcBa IhiropoM^ 212. 
Cvstideans, 188, 189. 
Oiftheo'e irifiata, 161. 

DtfimoMuria, 182, 187, 196. 

Deinatheriufn gigcmtetim, 206. 

Deltas, how formed, 27; of Ganges, 88; of 

Mississippi, 28 ; of Nile, 28. 
Density, mean, of earth, 6. 
Denudation, definition of; 28; agents o^ 2S; 

by rain, 24; by rivers, 24r-28; by the sea. 

28-80; by ice, 81-41. 
Derivative Bocks, 61. 
Desiccation-cracks, 98. 
Devonian Bocks, 142; of Britain, 145; of 

North America, 146; fbssQs of; 146^ 147. 
Diagonal stratification, 91. 
Dicotyledonous plants, 121. 
DidymoffrapsuepatuluSy 183. 
Dikelocephcuua Minne&otensU, 128. 
Dikes, volcanic, 20, 69 ; trnppean, 54; 

morphism produced by, wa^ 289. 
Diorite, 78. 

Dip, of inclined strata, 94. 
Dislocations (see Faults). 
Divisional planes, of rocks, 80. 
Dolerite, 72. 
Doleritic lavas, 72. 
Dolomite, 66. 
Drift, 217, 21& 
Drift-gravels, 218, 219. 
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Dnr hmd, origin o^ 7, 8; diBtribntion oi^ 9; 

features ol^ 10. 
Dunes, 48. 

Earth, figure and dimensions o^ 2, 8 ; plane- 
tary relations of; 2: mean density ol^ 5; 
fluidity of interior o4 6 ; primitive condition 
o^ 8, 4; internal temperature o^ 4; sur- 
&ce-oonfiguration ot, 6, 7; moyements of 
crust of; 8, 9. 

Earthquakes, general phenomena of; 31, 22; 
causes of; 21. 

Earthquake- waves, 22. 

Ikshinodsrmata^ character and types of; 114. 

Echinoida, 114. 

JScMn(>8ph<Brit69 BaUicm, 189. 

Elephants, fbssil, 207, 210, 224^ 228. 

M€ph€U <mtiquu8. 21ft, 224. 

meridtanaMa, 21ft, 217. 

primiamiita, 217, 224, 228. 

Sncrinna uUiformiSy lft9. 

Endogenous plants, 120. 

Eocene Bocks, 198, 199; of Britain, 199-201 : 
of North America, 200, 202, 208; fossils oi; 
208,204. 

EoeoSn CafMdenMi 12ft. 

JSjuiaetacea, 120, 16ft. 

Erratic bowlders, 87, 88. 

Eruptions, volcanic, genonl phenomena oi; 
14: causes of; 20. 

JEW^77. 

Wurypieridct, 115, 140, 148. 

Ez(^enous plants, 120. 

JBactra>cr4avu9 Briareua^ 17ft. 

False-bedding, 91. 

Faluns (Miocene), 206. 

Faults, definition of; 106; general phenomena 

oi; 104, 106; displacement of strata by, 108; 

throw o( 104; hade oi; 104; origin oi; 108; 

denudation of; 106; connection ot, with 

mineral veins, 106, 244; repetition of strata 

by, 107. 
JTavoeUea GotMandUsa, 186. 
FaxOe Lhnestone, 192. 
Felspar, composition oi; 71 ; varieties o^ 71. 
Felspathic asiies, 78. 
Felspathic lavas, 72. 
Felspathic traps, 78. 
Felstones, 78. 
Flre-day, 88. 
Flag, definition of; 84. 
Flag-stone, ft4. 
FUnt implements, 226. 
Fttnts, origin of; 194, 196. 
Foliation, structure of; 78, 87; origin o^ 88. 
Foraminifera, 112. 
Formation, definition of; 62. 
Fossil, definition of, 62. 
FossUiferous Bocks, 49, 62. 
Fringing-reef^ 46. 
Frost, as a denuding agent, 41. 
Ihtlgur eanaUouk^us. 207, 206. 
FuDer's Earth, 107. 
Fnmaroles, 1ft. 

Fundamental Gneiss, of Hebrides, 126. 
Fundamental Oranite, theory of; 240, 241. 
Iktmia quadrieostatm, 207, 208. 
'—— eontraritt»y 212. 

OalerttM alboffalerua, 191. 



Gangne, 246. 

Gasteropoda^ 117. 

Oault, 188. 

Geology, definition of; 1, 48. 

Glacial Deposits, 89, 21ft, 217. 

Glaciation, of Scotland, 218; of Wales, 220; 
of Greenland, 89. 

Glaciers, formation oi; 81, 82; movement ot 
82, 88; moraines of 88, 84; crevasses oi; 
85; efi'ect of, on the surfaces over which 
they move, 85, 8ft; in high latitudes, 89. 

Glacier-streams, 88, 89. 

Gneiss, 78. 

GoniatUes, 149, 158. 

crenistricu, 158. 

Granite, composition o( 76; crystallization 
of; 75, 76; metamorphism produced by, 
242; veins of; 241; i»assage mto trap, 77; 
different ages of; 242. 

Granitic Bocks, characters of; 64, 76; varie- 
ties of; 77; origin of; 6ft^ 7ft; different ages 
of; 243. 

Graphite, in Lanrentian Bocks^ 124. 

GraploUtes, 118, 129, 182, 188, 148. 

Gravels, high-level, and low-level, 228, 224. 

Great Oofite, 177. 

Greenland, glaciation oi; 89, 40. 

Greensand, 185; Lower, 187; Upper, 188. 

Greenstone, 78. 

Greenstone ashes, 78. 

Grit, 61. 

Gritstone, ftl. 

GrypJioBa inawrva^ 176. 

Gymnosperms, 120. 

Gypseous marls, 67. 

Gypseous Series, of Montmartre, 208. 

Gypsum, 67. 

Gyrolepis tenuisbriat^is^ 170. 

Hade (of vehi or fbult), 104. 

Hadrosaurv*, 196. 

BalysiUs oatentUaritia, 186. 

Hamilton Group, 146, 147. 

Harlech Grits, 127, 180. 

Helderbeig Group, Lower, 188; Upper, 14ft. 

Hippopotamus, 21ft, 224. 

ffippuritM, 192. 

orffaniaans, 198. 

Hippuritic Limestone, 192. 

Holoptychius, 144, 147. 

Hornblende, composition of; 71 ; relations of 

toaugite,71.72. 
Homblende-schiBt, 78. 
Homblendic ^elss, 78. 
——— traps, 78. 
Homstone, 147. 
Horse-tails, 120, 16ft. 
Hudson-Biver Group, 187. 
Huronian Bocks, 12o. 
J^omodon, 202. 
Ifybodus plicatilU, 170. 

r^^4nUatu8y 17ft. 

Ehrdrauhc Limestone, ftft. 
HymenocarU vermicawU^ 129. 
Hypogene Bocks, 58. 
ByrcMOheriwn^ 200 

Ice, as a denuding agent, 81-41. 
Ice, conlinentaL, 89. 

Icebergs, 88, 89; origin o^ 89, 40; size of; 
41 ; transport of rodks by, 40, 41. 
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loMhymaurv*^ 182, 190. 

oommv/nis, 188. 

Iffuanodon^ 18ft, 187, 198. 

MantelUi, 187. 

Inclination of beds, 98, 94. 
Inferior Ootite. 177. 
Jnoceramtts LamarekH^ 190. 
Insecta^ 116. 

Joints, 81, 82; nature o^ 81; causes ot, 82; 
oolamnar, 82, 88. 

Jurassic Bocks, 174; divisions of, 174; of 
Europe, 174; of North America, 180; fos- 
sils o{ 180-184. 

Kalnozoic Period, 128^ 197. 
Kaolin, 68. 

Keuper, 167, 169; fossils of, 169. 
Eimmeridge Clay, 179. 
Kitchen-nMdens, 281. 

Labrador Felspar, 71. 

Labradorite, 71. 

Labrador Rocks, 126. 

LabyHnthodanta, 159, 162, 163. 

Lake-dwellings, 282. 

Zamellibranchiatct^ 117. 

lAininm of deposition, 50, 80. 

Lateral sMfL of iknlted beds, 106, 107. 

lAorentian Rocks, 124; of North America, 
124; of Britain, 125; life o^ 125. 

Lava, 15, 16, 72; moyements of; 16; dikes 
of; 20. 

Zeda otHongcL, 220. 

Lepidodendrofu, 155. 

Stembergi^ 155. 

ZepidogirobtiA, 156. 

Lias, 174; jbsslls of; 175, 176. 

Lightning; volcanic, 15. 

Lignite, 205, 208. 

Lime-felspar, 71. 

limestone, 64; weathering of; 24. 42; varie- 
ties of; 65; origin ot, oi^ &^; how recog- 
nized in the field, 66. 

ZAmuhie rotundahia^ 161. 

Linffula anatitHk, 116. 

CredneHi, 165. 

Da/visU, 129. 

Lineala Flags, 126, 181 ; fossils o^ 129. 

LitJioatroHon IxMcUt^arme^ 152. 

Llanberis slates, 127. 

Uandeilo Bocks, 132; Lower, 182; Upper, 
182. 

Llandovery Bocks, 182; liower, 188; Upper, 

a04* 

Loam, 68. 

Lodes (flee Mineral Veins). 

Loess, of Bhine Valley, 222. 

London Clay, 200; fossils o^ 200. 

Longmynd Bocks, 126. 

Lansdaleia Jlor^ormU, 152. 

Lower Helderberg Groop, 188. - 

Ludlow Bocks, 182; of Britain, 184; of North 

America, 188. 
ZycopodiacscB^ 120, 155. 

Machairodus^ 208. 

Maestricht Chalk, 191 ; fossils ot 191. 

Magnesian limestone, 66 ; how custinguished, 

66, 67: of the Permian series, 161 
Manimals, 120. 



Mammoth, 216, 222, 228. 
Marble, 65. 
Marl, 68. 
Mari-slate, 68. 
Matitodon, 206, 207. 

a^verwmsU, 218. 

Mechanically-formed rocks, 60. 

Megalodon cueuUatu&t 148. 

Megaloaavrus^ 182. 

Mekphyre, 78. 

Mesozoic Period, 128, 167. 

Metallic ores, modes of occurrence of; 244. 

Metamorphic Limestone, 79. 

Metamorphic Bocks, 56, 78; structure o^ 

57, 78; origin oi; 57, 78; varieties o^ 78, 

79; successive formatioQ oi; 248; difEN»nt 

ages of; 242. 
li^etamorphism, theory o^ 78; prodnoed by 

trap, 289; by granite, 242. 
Mica, 76. 
Mica-schist, 79. 

Micraster cor-anffuinum^ 191. 
Miercieetes anUqutia^ 170. 
Millstone Grit, 158. 
Mineralogy, definition of; 1. 
Mineral veins, 244; origin ot, 246; ocmtenta, 

245; connection with ikults, 105, 244; ages 

of; 246. 
Miocene Bocks, 198; of Britain, 205; of 

France, 205 ; of Switzerland, 206 ; of North 

America. 207 ; life of; 207, 208. 
Molasse, 206; fossils oi; 207-209. 
MoUusccL, sub-kingdom of; 116. 
Monocotyledonous plants, 120. 
Moraines, 83-85; lateral, 83;. median, 83: 

terminal, 84 ; structure of; 84^ 35 ; striated 

blocks of; 88. 
Mbaasaunu Oamperi^ 192. 
Mouline^ 88. 
Mountain Limestone, 150, 151; twsQs ot 

151-153. 
Mountains,.of Old World, 10 ; of New "World, 

10; kinds of; 10-12. 
Muschelkalk, 167, 168 ; fossils ot, 168. 
Myriapoda, 115. 

JTaasa gramtlata^ 212. 

Natioa clawa, 220. 

Nautilus, Pearly, 118, 149, 175. 

NautUtu pUcaiug^ 188. 

Neocomian group, 187. 

Neolithic period, 230. 

New Bed Sandstone, 168. 

Niagara Falls, 25. 

Niagara group, 187, 188; fossils of; 18T. 

Northern Drift, 217. 

Norwich Crag, 218 ; fossils of; 218. 

Nv/mmulites^ 201. 

Jhiachi, 201. 

NummuHtic limestone, 201. 

Oblique lam1nati.<m, 91. 

Obsidian, 72. 

Ocean, distribution of; 9 ; denndation effected 

by, 28-30. 
Ogygia BuxMi, 188. 
Old Bed Sandstone, 142 ; of Scotland, 148: 

divisions of; 148; fbssils o^ 148^ 144; o/ 

Ireland, 144. 
OWtamia anHqita, 128. 
Olenua mioruruBy 129. 
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OHgoelase, 71. 

Omphyma turbinaiumy 18S. 
Onehtu Unuiitriaiua, 186. 
Oneida conglomerate, 187. • 

OoUte, 66; GrSat, 177; Inferior, 177. 
Oolitic Rocks (««« Jurassic Socks). 
Ooze of Atiantic bed, 194. 
Orffanically-formed rocks, 64 
Oriskany Sandstone, 146. 
OrffiM elegantiUcu, 185. 

trioerutriOt 188. 

vespertiHOy 188. 

Orffu)cera&, 140. 

Ltidense^ 141. 

Orthoclase, 71. 
Ot^rea dietorta^ 179. 
Otodua obUquua^ 201.- 
Ontcrop of beds, 94. 
Orerlap, 100, 102. 
Overlying Rocks, 284. 
Oxford Clay, 178. 

FalflBolithic period, 226. 

JPalcBoniactte, 166. 

F&lflBontology. definition o^ 1. 

PaloBophia^ 200, 202. 

PcUoBotheriv/m nuign/um^ 206. 

FaloBozoic epoch, 1^. 

JParadM^tdes BohemiouA, 128. 

Feat, 48; of Denmark. 281. 

Pectin Ka2<mt«n^, 160, 170. 

JacobcBV^ 214. 

Idandieua, 220. 

P&ntameruA, 184, 188. 

Ice/ois^ 184. 

Pentremites^ 162. 

Perched blocks, 87. 

Permian Rocks, 168; of Britain, 164; of Ger- 
many, 164; of North America, 164; luune, 
how derived, 168. 

Perpetual snow, line of 81, 89. 

Phacopa UxUfrimA, 146. 

Phanerogamic plants, 120. 

PhasooMheritmi BucJdcmdi^ 178. 

Physical Geography, definition ol^ 3. 

Pipe-clay, 68. 

PtsceA,U&. 

Pisolitic limestone, 66. 

PloffiatUax minor^ 180. 

Planes, of deposition, 80; of Jointing, 81 ; of 
cleavage, 84-86; of foliation, 87, 88. 

Plaster of Paris, 208. 

Platamts aceroidea^ 210. 

PleHoMuniA, 182, 196. 

doUchodiiru&t 188. 

PUocene Rocks, 198; of Britain, 211; of 
North America, 214; fossils of; 216. 

Platonic Rocks, characters of; 64, 76; origin 
o^ 66, 69; varieties oi^ 76; successive for- 
mation of; 242. 

Porcelain Clay, 68. 

Porphyritic lavas, 72. 

Porphyry, definition ot^ 74. 

Portlana beds, 179. 

Post-Pliocene beds, how characterized, 216; 
in Britain, 216, 222. 

Post-Tertiary Rocks, how characterized, 216 ; 

Potash-felspar, 71. 

Potholes, 27. 

Potsdam Sandstone, 127; fossils of; 127. 

Prfanaiy Limestone, 79. 



Primary Bocks, 128. 
Primitive Rocks, 68. 
Primordial zone, of Bohemia, 127; fossils of 

127. 
Produeta^ 162, 166. 

horrida^ 166. 

semireHoiukUck^ 162. 

ProUchnUea^ 129. 
Protogine, 77 ; stratified, 78. 
Protoroaaurua, 168. 
Protobock^ sub-kingdom oi^ 112. 
PteraapiA, 186, 148. 

BanJkaii, 186. 

Pterodactyle, 18i2, 196. 

Pterodactyltia craaairosbria^^, 

PterophyUum comptum^ 17t. 

Pteroaanria^lS^. 

Pteryffctua AngHoua^ 116. 

Pumice, 78. 

Pnrbeck beds, 179 ; fossils o^ 179, 180. 

Purpvra tdriigona^ 212. 

Pyridardicfidata^Vi^ 

Quft-quA-versal inclination of beds, 96, 9T. 

Quartz, 76, 79. 

Quartzite, 79. 

Quartz-rock, 79. 

Quaternary period, 216. 

Quebec group, 127, 180 ; fossils of^ 129. 

Rain, a^a denuding agent, 28, 24. 

Rain-prints, 98. 

Recent deposite, how characterized, 199, 280. 

Red Crag, 211, 212; fossils oi; 212, 218. 

Reindeer period, 22i9. 

RepUUa-, 119. 

RhsBtic beds, 169 ; IbssUs o^ 169, 17L 

Ehinocerua tichorfUnua^ 228, 228. 

RJUzocrvnua Lqfoienaia^ 114. 

Bhynchonella navumla. 186. 

Wilaoni. 185. 

Ripple-mark, 92. 

Rivers, as denuding agents, 24-28. 

River-valleys, characters o^ 26, 27. 

Roches moutonnges, 87. 

Rock, definition oi; 49. 

Rocks, classiflcation of; 49; Aqueous, 49, 60, 
89; Sub-aSrial, 48; Yokanic; 68, 69; 
Trappean, 64, 69; Plutonic, 64, 76; Gra- 
nitic, 64, 76; Metamorphic, 66, 78; Hypo- 
gene, 58. 

Rock-salt, 67; origin of; 172. 

Roofing-slate, 64, 79. 

JSabal m€0or, 209. 

Saocharoid limestone, 66. 

Salina period, 187, 188. 

Salt, 67. 

Sand, 61. 

Sand-dunes, 48. 

Sandstone, 61. 

Saurichthya apiccMa, 170. 

Sawicava rtigoaa, 220. 

ScaphUea CB^ucMa^ 191. 

Schist, 88. 

Scoriffi, 16, 78. 

Scorpions, 116. 

Sea, as a denuding agent, 88-80. 

Sea-clifl^29. 

Sea-urchins, 114. 

Secondary Rocks, 128, 167. 
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Bedlmentaiy Books («m Aqueoas Bocks). 

Seqwda CouttHcb. 2w. 

Shale, 68, 85. 

Shell-bedA, 48. 

Bhefl-flBh, 116: Bivalve, 117, Univalve, IIT. 

SigiUaria, 147, 148, 156. 

SiffiUaria ChemtmgefMis^ 148. 

Iwigata, 157. 

Bilorian Bocks, 181 ; of Britain, 182 ; of North 

America, ISd, 188 ; life o^ 188-141. 
Skiddaw Slates, 127, 180 ; fossils oU 19, 
Slate, 86, 88. 

Slaty cleavage («m CSeavage). 
Slickensldes, 105. 
Soda-felspar, 71. 
Spiders, 115. 
J^rifer, 145. 

di^ftmotue^ 146. 

glaher^ 161. 

triffonali&t 161. 

Sponges, 118. 

Stalactites, 66. 

Stalagmites, 65. 

Statiury marble. 66, 79. 

StereognaViv^ 178. 

SHffmaria^ 156. 

Jlcoides, 157. 

Stone-lUy, 114, 169. 

Strata, original horizontality oi^ 90; lateral 
extent o^ 89 ; alternation o<; ^, 89 ; dip ol^ 
98, 94; strike o^ 94; outcrop o^ 94; con- 
tortions ol^ 95. 

Stratification, 49, 50, 80. 

Stratified protogine, 78. 

Stratified Bocks, 49 ; origin oi; 6(M$2. 

Strike, of beds, 94. 

Stripe, of slate, 86. 

Strophomena grandU^ 188. 

Snb-a6rial Bocks, 48. 

Sub-Apennine beds, 214. 

Sub-Carboniferous limestone, 160. 

Syenite, 77. 

Syenitic gneiss, 78. 

Synclinal curves, 96, 97, 108. 

Talc,77. 

Talcose gneiss, 78. 

Talcose granite, 77. 

Temne<Minu» eooocwaiwt. 212. 

Temperature, internal, of earth, 4. 

Tertiary period, 128, 197. 

Tertiary Kocksi classification ol^ 198. 

Teirctffrapmis bryonoidea^ 129. 

ThaDogens, 120. 

ThecMmilia annularis 179. 

Thelodua (shagreen scales of), 186. 

Thinning out, of beds, 89, 90. 

Throw, of Ikults, 104. 

Till, 217, 218. 

Trachytic lavas, 72. 

Trap, 69, 78; weathering oi; 42. 

Trappean ashes, 54. 

Trappean breccias, 70, 78. 

Trappean dikes, 238. 



Trappean BockBj68i M, 78; origbi o^ 58, 

54; ages o( 289; oontemporaneous, 287; 

intrusive, 287; metamwphiam produced 

by, 288s 289. 
Trap-tuii; 70. * 

Travertine, 65. 
Tremadoc Slates, 127. 
Trenton Limestone, 187; JbssDs o^ 187. 
Trenton period, 186, 188. 
Triassic Bocks, 167; of Britain, 168, 169; of 

Europe, 167-169; of N<Nrth America, 170; 

fossils of; 172, 178. 
Trilobites, ll^ 189, 158. 
TrinucUus concentrictUL 140. 
Trochoeera« oigantmu^ i41. 
TYcplum damratuant 220, 
Tulh,65. 

Tufi; volcanic, 78. 
TurriUtes, 190, 196. 
eoOatuB^ 190. 

UnconliMniabllity, 99-101. 
TJnderiylng rocks, 56, 240. 
IJniformitarians, doctrines of; 46. 
Univalve Shell-fish, 117. 
Utica Slate, 187. 

Valley-deposits, high-level and low-level, 228L 

Vanema Pluto, 209. 

Vegetable Kingdom, classification o^ 120. 

VeuiA, of granite, 241. 

VerUrictuites racUatus^ 189. 

Vertebrata, 118. 

Vesuvius, eruption of; 16, 17. 

Volcanic activity, general phenomoia of; 14, 
15 ; exciting causes of; 20. 

Volcanic ashes, 15, 78. 

Volcanic bombs, 16. 

Volcanic cone, general structure of^ 19, 20. 

Volcanic glass, 72. 

Volcanic Bocks, 58, 69 ; origin of; 69 ; varietiefl 
oi;72. 

Vokainoea, definition of; 12; active and ex- 
tinct, 12 ; submarine and Bub-a&rial, 12, 18 ; 
appMuance when quiescent, 18, 14; geo- 
graphical distribution o^ 17, 18; linear ar- 
rangement o^ 18, 20. 

VoUUa heUrophuUOs 168. 

Vohaa LaniberH, 206, 212. 

fUM2o0a,2OO. 

WdUMa pinifarmUA^ 
Waves of translation, 22. 
Wealden, 185; fossils of; 186. 
Weathering w. 
Wenlock beds,'l82, 188; of Britain, 184; of 

America, 187; fossils of; 184. 
White Crag {sm Coralline Cra^. 
Woolly Bhinoceros, 228, 224, W%. 

Zamia spiraUi, a recent Cycad, 181. 
Zechstein, 164. 
1 Zeuglodon e^oidee, 202. 
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Dr. William Stroud's treatise on " The Physical Cause of the Death of Christ, and its 
Relation to the Principles and Practice of Chrislianity-," although now first reprinted in 
this country, has maintained, Ibr ttte last quarter of a centurjr, a great reputation in 
England. It is. In its own place, a masterpiece. "■ It could have been composed," says 
Dr. Stroud's biographer, "• only by a man characterized by a combination of superior en- 
dowments. It required, on the one hand, a profound acquaintance with meoical sub- 
jects and medical literature. It required, on the other, an equally profound acquaint- 
ance with the Bible, and with theology in general.'' The oUect or the treatise is to 
demonstrate an important phy sical ract connected with the aeath of Christ — namely, 
that it vras caused by rupture of the heart— and to point out its relation to the princi- 
ples and practice of Christianity. 

WESTWAED BY EAIL : THE NEW ROTJTE 

TO THE EAST. By W. F. Rae. 1 vol., 12mo. Cloth. 890 pages. 
Price, |2.00. 

The author of this work, one of the editors of the London IkiUy News, was a stanch 
defender of the Union, and his work is one of the most Just and appreciative books on 
America yet pubHsbed by an Englishman. 

" There is a quiet and subtle charm, as well as a deep and true romantic interest, in 
the story of the railway Journey." — Wesfyninster Reniew, 

** He has given us a very pleasant and instructive book, which we heartily commend 
to the attentfon of aU thoughtful and inquiring readers." — Glasgoto Mail. 

''He has written a most readable, Interesting, and attractive account of a ioamey 
which is long enough to be worth the complete description he has given iV^'—Ooserwr. 

THE EEVELATION OF JOHN, with Kotes, Criti- 

cal, Explanatory, and Practical. Designed for both Pastors and 
People. By Rev. Henry Cowlks, D. D. 1 vol., 12ino, cloth. Price, 
11.60. 

D. Appleton k Co. also publish by the same Author : " Minor Proph- 
ets." 12mo, cloth. Price, $2.00 ; " Ezekiel and Daniel" 12mo, cloth. 
$2.25 ; " Isaiah." With Notes, $2.26 ; " Jeremiah." • 1 vol., 12mo. 
$2.00 ; " Proverbs, Ecclesiastes, and Songs of Solomon." $2.00. 
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A TREATISE ON DISEASES OF TOE NER- 

VOUS SYSTEM. By William A. Hammond, M. D., Professor of 
Diseases of the Mind and Nervous System, and of Clinical Medicine, 
in the Bellevue Hospital Medical College ; Physician-in-chief to the 
New- York State Hospital for Diseases of the Nervous System, etc. 
With Forty-five Dlostrations. 1 vol, Svo, 760 pages. Price, 
$5.00. 

**Iii the toJknring work I bavB endeavored to preeent a ^Treatise on Diseases of the 
Nervous System,* m^s^ without bein^ saperflcial, woold be concise and explicit, and 
whidi, whue making no claim to being ezbaastlye, would nevertheless be sufficiently 
complete for the instruction and guidance of those who might be disposed to seek in- 
formation from its pages. How flu: I have been successful will soon be determined by 
the judgment of those more competent than myself to form an unbiassed opinion. 

^One feature I may, however, witi^ Justice cblm for this work, and that is, that it 
rests, to a great extent, on my own observation and experience, and is, therefore, no 
mere compilation. The reader will readily perceive that I have views of my own on 
every disease considered, and that I have not hesitated to express them.— Extract Jrom 

Over fifty diseases of the nervous i^stem, including insanity, are considered in this 

treatise. 

ON THE PHYSIOLOGICAL EFFECTS OF SE- 
VERE AND PROTRACTED MUSCULAR EXERCISE, with Spe- 
cial Reference to its Influence upon the Excretion of Nitrogen. By 
Austin Flint, Jr., M. D., Professor of Physiology in the Bellevue 
Hospital Medical College, New York. 1 vol., 8vo. Cloth. Price, 
$1.26. 

APPLETONS' HANDBOOK OF AMEEICAN 

TRAVEL. Northern and Eastern Tour. New edition, revised for 
the Summer of 1B71. Including New York, New Jersey, Pennsylva- 
nia, Connecticut, Rhode Island, Massachusetts, Maine, New Hampshire, 
Vermont, and the British Dominion, being a Guide to Niagara, the 
White Mountains, the Alleghanies, the Catskills, the Adirondacks, 
the Berkshire Hills, the St. Lawrence, Lake Champlain, Lake George, 
Lake Memphremagog, Saratoga, Newport, Cape May, the Hudson, 
and other Famous Localities ; with full Descriptive Sketches of the 
Cities, Towns, Rivers, Lakes, Waterfalls, Mountains, Hunting and 
Fishing Grounds, Watering-places, Sea-side Resorts, and all scenes 
and objects of importance and interest within the district named. 
With Maps and various Skeleton Tours, arranged as suggestions and 
guides to the Traveller. One voL, 12mo. Flexible cloth. Price, 
$2.00. 

JAMES GORDON'S WIFE. A Novel. 8vo. Paper. 

Price, 50 cents. 

**An intereating novel, pleasantly written, refined In tone, and easy In style.^ — 
London Olob&. 

"Thts novel Is ooncdved and executed in the imrest spirit The innstrations of 
society in its vuions phases are cleverly and splritealy doner— London Post 
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THE PEINCIPLES OF PSYCHOLOGY. By 

Herbert Spencer. 1 vol, 8vo. Cloth. Price, |2.60. 

This work is thought by manr able judges to be the most original and vahiable con- 
tribution to the science of mind that has appeared in the present centmy. John Stuart 
Mill says it is ''^ one of the finest examples we possess of^the psychological method in 
its flill power.^ Dr. McGosh savs " his bold generalizations are always suggestive, and 
some mavin the end be established in the profoundest laws of the knowabfe universe." 
George Kipley says ** Spencer is as keen an analysist as is known la the history of Phi- 
losopny . I do not except either Aristotle or Kant, whom he gi'eatly resembles." 

NIGEL BARTRAM'S IDEAL. A Novel. By Flob- 

ence Wilpord. 1 vol., 870. Paper covers. Price, 50 cents. 

This is a novel of marked originality and high Bteniry merit. The heroine is one of 
the loveliest and purest characters of recent fiction, and the detail of her adventures in 
the ardaous task of overcoming her husband's prejudices and jealousies forms an exceed- 
ingly interesting plot The book is high in tone and excellent in style. 

GOOD FOE NOTHING. A Novel. By Whttb 

Melville. Author of " Digby Grand," " The Interpreter," etc. 1 
vol., 8vo, 210 pages. Price, 60 cents. 

" The interest of the reader in the stcHy, which fbr tiie most part is laid in England, 
IB enthralling fh>m the beginning to tiie end. The moral tone is attogether unexception- 
able.''— !%« Chronicle, 

A HAND-BOOK OF LAW, for Business Men ; con- 

taining an Epitome of the Law of Contracts, Bills and Notes, inter- 
est, Guaranty and Suretyship, Assignments for Creditors, Agents, 
Factors, and Brokers, Sales, Mortgages, and Liens, Patents and 
Copyrights, Trade-Marks, the Good-Will of a Business, Carriers, In. 
surance, Shipping, Arbitrations, Statutes of Limitation, Partnership, 
with an Appendix, containing Forms of Instruments used in the 
Transaction of Business. By William Tracy, LL. D. 1 vol, 8vo, 
679 pages. Half basil, |6.50 ; library leather, |6.50. 

This work is an epitome of those branches of law which aflfect the ordinary transactiona 
of BUSINESS HBN. It is nctpfopoied by it to make enaery man a lawyer, but to give 
a man of business a convenient and reliable book of reference, to assist him in the solu- 
tion of questions relating to his rights and duties, which are constantly arising, and to 
guide him in conducting his negotiations. 

In preparing it, the aim hm been to set forth, in plain lanqitaok, the mks 
which constitute the doctrines of law which are examined, and to ilhutrate the sam^ 
by decisions of the Courts in which they are recogniaedn wim MAsaiNAi. bxfbk- 

ENCES TO THE VOLUMES WHERE THE CASES MAT BE FOUND. 

NEW TORK illustrated ; with Fifty-nine II- 

lustrations. A Descriptive Text and a Map of the City. An entirely 
' new edition, brought down to date, with new Illustrations. Price, 
50 cents. 

" There has never been published so beautifhl a guide-book to New Tortc aa tills is. 
A suitable letter^press accompanies the woodcuts, the whole forming a picture of New 
York such as no other book aflforda."— JVJjw York World. 
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THE NOYELS AND NOVELISTS OF THE 

EIGHTEENTH CENTURY. In lUustration of the Manners and 

Morals of the Age. By William Fobsyth, M. A., Q. C. 1 vol., 

12mo. Cloth. Price, $1.50. 

Mr. Forsyth, in bis Instructive and entertaining volmne, has succeeded in showing 
that much real information concerning the morals as well as the manners of our ances- 
tors may be gathered firom the novelists of the last centuiy. With judicial impartiality 
he examines and cross-examines the witnesses, laying all the evidence before the reader. 
Essayists as well as novelists are called up. The Spectator, The Tatler, The World, 
The Connoisseur, add confirmation strong to the testimony of Parson Adams, TruUiber, 
Trunnion, Squire Western, the " Fool of Quality," " Betsey Thoughtless," and the like. 
A ehapter on dress is suggestive of comparison. Costume is a subject <ni which novel- 
Uts, like careftil artists, are studiously precise. 

EEMINISCENCES OF FIFTY YEARS. By Maek 

BoTD. 1 vol., 12mo, 390 pp. Price, $1.75. 

Mr. Boyd has seen much of life at home and abroad. He has enjoved t)ie aoquaint- 
ance or friendsliip of many illustrious men, and he has the additional advantage of re- 
membering a number of anecdotes told by his &ther, who possessed a retentive memory 
and a wide circle of distinguished fHends. The book, as the writer acknowledges, is a 
ixerfect o2to podrida. There is considerable variety in the anecdotes. Some relate to 
great generals, like the Duke of Wellington and I/>rd Clyde ; some to artists and men 
of letters, and these include the names of Campbell, Rogers, Thackeray, and David 
Boberts ; some to statesmen, and, among others, to Pitt, who was a friend of Mr. Bovd's 
ikther, to Lords Polmerston, Brougham, and Derby ; some to discoverers, like Sir tfohn 
Franklin and Sir John Boss : and others — among which may be reckoned, perliaps, the 
most amusing in the volume — ^to persons wholly unknown to Ikme, or to manners and 
customs now happily obsolete. 

FEAGMENTS OF SCIENCE FOR TJNSCIEN- 

TIFIO PEOPLE. A Series of Detached Essays, Lectures, and Re- 
views. By John Tyndall, LL. D., F. R. S. 1 vol., 12mo. Cloth. 
422 pages. Price, $2.00. 

Prof. Tyndall is the Poet of Modern Science. 

This is a book of genius— one of those rare productions that come but once in a 
generation. Prof. Tyndall is not only a bold, broai, and original thinker, but one of the 
most eloquent and attractive of writers. In this volume he goes over a large range of 
soientiflo questions, giving us the latest views in the most lucid and graphic language, 
so that the subtiest order of invisible changes stand out with all the vividness of stereo- 
scopic perspective. Though a disciplined scientific thinker, Ftot Tyndall is also a poet, 
alive to all beauty, and kindles into a glow of enthustasm at the harmonies and wonders 
of Nature which he sees on every sUe. To him sdenoe is no mere dry inventory of 
prosaic Ihcts, but a disctosure of the Divine (»der of the worid, and fitted to stir the 
nljgrhest feelings of our nature. 

GABRIELLE ANDRE. An Historical Novel. By 

S. Barinq-Gould, author of *' Myths of the Middle Ages." 1 vol, 
8vo. Paper covers. Price, 60 cents. 

Those who take an interest in comparing the efi^ects of the present French Revolu- 
tion on the Church with that of 1789 will find in this work a great deal of information 
illustrating the feeling in the State and Church of France at that period. Dbe IMerary 
Churchman says: *^The book is a remarkably able one, fiill of yigoroua and often ex- 
tremely beautiftd writing and desoription." 
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MUSINGS OVER THE CHRISTIAN YEAR AND 

LTRA INNOGENTIUM. By Chablottb Mabt Yonoi, together 
with a few Gleanmgs of RecoUection, gathered by Seyeral Friends. 
1 Tol. Thick 12mo, 481 pages. Price, $2.00. 

Miss YoQge has here produced a volnme which wiQ poBMM great Interest in the 
eyes of Churchmen, who haye for so many yeara enjoyed the privilege of reading the 
exqalBite poetry of the *^ Christian Tear ^ Dy Bev. John Eeble. Miss Yonge gives her 
own experience of the nninterropted interooorse of thirty^ years ; then there are the 
• ** Beooltections,'^ by IVancis M. Wiibraham : a few words of ** Pwsonal Description," by 
Bev. T. Simpeon Evans ; then fellow the "• MusingSi" one each of the poons ifiuatrattve 
of the '^Chrutiui Year and Lyra Innooentiom.'^ 

THE HEIR OF REDCLYFFE. Bv Chahlottb M. 

YoNOK. A New Illustrated Edition. 2 vols., 12mo. Cloth. Price, 
$2.00. 
To be followed by HEARTSEASE. 

"• The first of her writings which made a sensation here was the ' Heir, and what a 
sensation it was I Keferring to the remains of the tear-washed covers of the copy af(Mne- 
said, we find it belonged to the *■ eighth thousand/ How many thonaands have beca 
issued since by the pubHshers, to supply the demand for new, and the places of drowned, 
dissolved, or swept away old copies, we do not attempt to conjecture. • Not individuals 
merely, but houseDoldS'-consistuig in great part of tender-hearted young damsels — ^were 
plunged into moujnlng. With a tolerable acquaintance with fictitious heroes (not to 
speak of real ones), from Sir Charles Grandis<ni down to the nursery idol, Chiton, we 
have littie hesitation in pronouncing Sir Guy Morville, or Redclyfita, Baronet, the most 
admirable one we ever met with, in story or out The glorious, joyous boy, the briDiahL 
irdent child of genius and of fintnne, crowned with the beauty of nls en^v hoHness, and 
ivershadowed with the dartiness of his hereditary gjoom, and the soft and touching sad- 
ness of his eariy death — ^what a caution is there I What a vision I ^ — ^Extract from a re- 
view of *" The Heir of Bedclyffe,** and '' Heartsease,'' in the Iforth American Beoi&u 
for April. 

A COMPREHENSIVE DICTIONARY OF THE 

BIBLE ; mainly abridged from Dr. William Smithes " Dictionary of 
the Bible," but comprising important Additions and Improvements 
from the Works of Robinson, Gesenius, Furst, Pape, Pott, Winer, 
Eeil, Lange, Eitto, Fairbaim, Alexander, Barnes, Bush, Thomson, 
Stanley, Porter, Tristram, King, Ayre, and many other eminent 
scholars, commentators, travellers, and authors in various depart- 
ments. Designed to be a Complete Guide in regard to the Pronun- 
ciation and Signification of Scriptural Names ; the Solution of Dif- 
ficulties respecting the Interpretation, Authority, and Harmony of 
the Old and New Testaments ; the History and Description of Bib- 
lical Customs, Events, Places, Persons, Animals, Plants, Minerals, 
and other things concerning which information is needed for an in- 
telligent and thorough study of the Holy Scriptures, and of the 
Books of the Apocrypha. Illustrated with Five Hundred Maps and 
Engravings. Edited by Rev. Samuel W. Barnitm. 'Complete in 
one TtLTge royal octavo volume of 1,234 pages. Price, in cloth bind- 
ing, $5.00 ; in library sheep, f 6.00 ; in half tiiorocco, $7.50. 
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LIGHT AND ELECTRICITY. Notes of Two 

Courses of Lectures before the Royal Institution of Great Britain. 

By John Tyndall, LL. D., F. R. S. 1 toL, 12mo. Cloth. Price, 

$1.25. 

''For the benefit of those who attended his Leetnres on Lteht and Eleetridty at the 
Koyal In^titation, Prof. IVndaU prepared with much care a series of notes, summing up 
briefly and clearly the leading' &cts and principles of these sciences. The notes proved 
BO serviceable to those ibr whom they were designed that they were widely sought by 
students and teachers, and Prof. Tyndall had them reprinted in two small books. Under 
the conviction that they will be equally appreciated by instniotoro and learners in this 
country, they, are here combined and republished in a single volume.^* — Extract from 
Pr^ace. 

THE DESCENT OF MAN AND SELECTION 

IN RELATION TO SEX. By Charles Darwin, M. A. With 
Illustrations. 2 vols., 12mo. Cloth. Price, $4.00. 

"We can find no &ult wltU Mr. Darwin^s ihcts, or the application of them." — VUca 
Herald. 

'* The theory is now indorsed by many eminent scientists, who at first combated it, 
including Sir Charles Lyell, probably the most learned of living geologists.^ — Eoeming 

ON THE GENESIS OF SPECIES. By St. 

George Miyart, F. R. S. 1 vol., 12m^. Cloth, with Illustrations. 
Price, $1.76. 

*^Mr. Mivart has succeeded in producing a work which will clear the ideas of biolo • 
gists and theologians, and which treats the most delicate questions in a manner which 
throws light upon most of them, and tears away tibe barriers of intolerance on each 
9iA&r^Brmai MecUcca JcumaL 

MAEQTJIS AKD MEECHANT. A Novel. By 

Mortimer Collins. 1 vol., 8vo. Paper covers. Price, 50 cents. 

** We win not comx>are Mr. Collins, as a novelist, with Mr. IMsraeli, but, nevertheless, 
the qualities which hAve made Mr. DisraelTs fictions so widely popular are to be found 
in no small degree in the pages of the author of * Marquis and Merchant^ ^—- Times, 

HEAETSEASE. A Novel. By the author of the 

" Heir of Redclyflfe." An Illustrated Edition. 2 vols., 12mo. Price, 
12.00. 

This is the second of the series of Miss Tonge*s novels, now beli^ issued in a new 
and beautiflil style wi!li illustrations. Since this novel was first published a new genera- 
tion of readers have appeared. Nothing in the English language can equal the dettnea- 
tion of character which she so beautiftifiy portrays. 

WHAT TO READ, AND HOW TO READ, 

being Classified Lists of Choice Reading, with appropriate hints 
and remarks, adapted to the general reader, to subscribers, to li- 
braries, and to persons intending to form collections of books. 
Brought down to September, 1870. By Charles H. Moore, M. D. 
1 vol, 12mo. Paper Covers, 60 cents. Cloth. Price, 75 cents. 



